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Chow and Kulandaiswamy have presented a linear 
differential equation for the basin system. A discrete 
linear model corresponding to the above has been 
analysed by Chaubs. This study deals with the applicabi- 
lity of the above model on consideration of a large 
number of storms for any basin. The apparent abstraction 
during and after the storm have been identified. A 
physical process to explain the variations in the 
effective rainfall and abstraction has been suggested. 

A simple linear system model has been found to be a 
satisfactory reprosent ation of the basin. 



CHAPTBR 1 


INTEOOTGTION 


1 . 1 General 2 

The study of the natural hydrology processes is 
■very complex.. The hydrologist must deal with whatever 
climatic and physical conditions nature provides with 
little chance to choose or specify the combinations of 
factors he will consider. He is harassed in his study of 
natural processes by additional influencing factors vshich 
he can not always eliminate, control, or measure. An 
apparent relation between certain factors may be mislead- 
ing because extraneous or unmeasured variables obscure 
the- fundamental principles involved. Ylhen the hydrologist 
resorts to small-scale experiments to get better control 
of the influencing variables, he encounters difficulty 
in extending his results over larger areas and from one 
region to another. This is because the natural processes 
vary in complex ways in response to changing environmental 
conditions. The quan titati-'/e conclusions of an analysis 
dra,wn from a distinct set of physical conditions within 



a specific location are not readily transferable to 
another problem. There is credence in the statement 
that "every watershed is a law unto itself*'. 

The foregoing serves to illustrate the general 
difficulties hydrologists encounter in treating and 
analysing hydrologic problems. Such processes as inter- 
ception, infiltration, percolation through soil, evapotrans- 
piration, surface runoff, streamflow etc. are all 
characterized by constant change and complex inter- 
relations, which moke analytic discription and prediction 
most difficult. Many problems of hydraulic design are 
related to infreq.uent extreme events such as floods. 

One of the objectives in hydrologic analysis is to 
learn somthing of the frequency of occurrence of these 
extreme events. Several methods have been proposed, 
developed and used 'for the evaluation of basin yield 
and mean annual flood.- 

1.1.1 S i mul at i o n Mo d e 1 s ( 4 ) J 

There are two major approaches to simulation 
modelling. The first is to design a deterministic model 
whose response is equivalent to the physical system. 



3 


This may be either through a black-box model or through 
a series of equations which are equivalent to the actual 
internal physics of the system. Because the problem 
resolves itself to the determination of the physical 
parameters describing the system, the deterministic 
approach often is called parametric modelling. The 
second major approach to simulation is to determine the 
statistical parameters describing the responses of the 
system, and to use these statistics to generate a record 
which is statistically indistinguishable from the measured 
record. This is called stochastic simulation. 

Each of the two approaches has certain advantages 
and limitations which have resulted in its use for 
simulation in particular types of problems. Parametric 
modelling usually requires input data with considerable 
detail in time, and it models transient responses well. 
Therefore, it is most widely used for short-term 
simulation or for actual prediction for water management 
purposes. Stochastic simulation on the other hand, 
is most widely used for predictions for time periods 
which average out the transient responses. Transients 
are difficult to model as statistical parameters are 
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used to describe the response. Therefore stochastic 
simulation usually is used for planning purposes to 
develop many ’’equally likely” long term traces of 
monthly streamflov; or similrir smoothly varying responses. 
As far as the choice between discrete and continuous 
model is concerned, it has been found that discrete 
models of the hydrologic system constitute significant 
ahtern stives to classical irontinuous models. 

1.1.2 Kinds o f Pro blems in Hydrology (12); 

Problems associated with a hydrologic system are 
either direct (forward) or inverse. In the direct problem 
the system is knovni prior to characterization in terms 
of a mathematical equation. The objective is to deter- 
mine the nature of the output for any specified class 
of input. Many problems in hydraulics are direct in 
kind. 

In the inverse problem the objective is to build 
a model that best describes the given input-output 
pair(s).’ Because best implies a criterion of fit or 
measure that is not absolute, the resulting model is 
non-unique. Classes of inverse problems include 
control, indentification and estimation (15). Other 
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inverse problems include detection (6) and instru- 
mention. 

The control (design) problem, either deterministic 
or stochastic, involves design oi a non-existent system 
that satisfies desirable social goals according to some 
perlormaace index such as cost, benefit, safety, etf. 

The identification problem entails estimation of para-^ 
meters for' an unknown but already -existing system given 
incomplete information on the. observed inputs and outputs 
as well as system. The estimation problem is one of 
finding past, present, and future states of a system 
in the presence of a known system. Dooge (6) defines 
detection as a problem of detecting an unknown input 
signal when the output and the system with laws governing 
it are known. In the instrumention problem it is desired 
to identify a. system. The inputs and outputs observed 
in nature are not accurate. If desirable, one may wish 
to create a special kind of input whose response reveals 
most about the systemi thus, one neishesto design an input 
signal that best suits our needs. 

1 . 2 O bjective s 

The objective of this study is to test and 
validate the discrete data model for the hydrologic 
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basin formulated by Samaseshan and Chaubey (20). Tbe 
inputs of apparent effective rainfall and abstraction 
will be detected and the system model identified, 
perhaps by improving the model and testing the validity 
of a simple linear model for the basin. 

1 . 3 Significanee of Study; 

The conventional unit hydro graph analysis mahies 
empirical seperation of effective rainfcll by using 
either mathematical mothods and/or conceptual models. 

It estimates the unit hydrograph or other linear or 
non-linear system parameters. Kuland aiswsmy (2) and 
Rao indicate that the non-linearity is significant 
for small discharges in the rising portion of the 
hydrograph. Since the effect of arbitrary seperation 
of effective rainfall excess is also significant in the 
same region of the hydrograph, it is possible that the 
error may be due to effective rainfall seperation 
rather than non-linearity; of the basin. 

hooge (5) observed that the hydrologic basin is 
a. heavily lumped system. The basin is relatively in- 
sensitive with respect to the transforma.tton of effective 
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rainfall to direct surface runoff. Thus satisfactory 
prediction of output in the direct analysis cannot he 
used as the sole criteria for testing the particular 
method of analysis and model. 

Kishi (13) has indicated the possibility of using 
transform techniq.ues in the indentif ication of the 
system and in the elimination of error effects in system 
indentific ation. However it may be noted that his 
procedure involves only smoothing of the high frequency 
variability of the system and output which leads to a 
very smooth detected input. 

Chaubey ( 1 ) has investigated the use of inverse 
analysis and a discrete data model for identifying the 
hydrologic basin. He has verified that the discrete 
data model might behave much better than other models 
for the basin. 

The study is divided into four phases namely - 

(1) To refine the discrete data model by 

considering translation times .and the time 
distribution of effective rainfall. 
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(2) To estimate the data errors in runoff. 

( 3 ) To estimate the effective rainfall and abstract- 
ion during the various storms and, 

( 4 ) To verify whether a simple linear model 
is satisf actory . 

In case the linear model is found to be satis- 
factory it will constitute a simple rational model for 
the basin and may lead to better understanding of the 
processes of abstraction and runoff. 

• 4- Scope of Study s 

In the first three phases of the study data from 
two basins will be used. They are 

(1) North Greek Basin (Area = 21.6 sq.. miles) 

( 2 ) Beech River Basin (Area = 15.9 sq.. miles). 

In the last phase only the data of the first basin 
are used because of limitations of time and computer 
facilities. It should be noted that it is not the 
purpose of the study to investigate the relationship 
between abstractions and precipitation characteristics. 
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1.5 Details of the Report: 

The study is reported in the following sequence; 

1o Chaptor 2 is a. Torief review of the'relevent 
literature. The various methods of system identification 
have also been discussed. 

2. Chapter 3 discusses the discretization of convol- 
ution relation and system representation through lUH/ 
dif ferenti £11 and difference equations. The mathematical 
formulation of the discrete data model has been explained, 
finally the physical process of rainfall-runoff has been 
discussed. 

The verification, of the quasiline ar model has been 
presented in Chapter 4. Here the parameters, of the basin^ 
the data errors and characteristics of effective rainfall 
and abstraction hove bean discussed for two basins. An 
explanation of the physical prlcess of apparent effective 
rainfall and abstraction has also been given. 

4. The linear model developed on the basis of the 
quasiline ar analysis has been dealt with for one basin. 
Finally some tentative conclusions are drawn. 
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In addition there are two appendixes? one dealing 
with the proof for the translation effect and the other 
is a listing of the relevant computer programmes. 



OHaPTSR 2 


EEVISW OP LIPBRAOTSES 

2" ”1 O er i eral j 

Modelling is the process whereby the physical 
properties of a system are expressed in a mathematical 
form suited to further analysis. One should hear in 
mindj hovi/ever^ that a model is at best an approximation 
to physical reality. It is a mathematical idealization 
representing selected aspects of the system's behaviour 
relevant to the problem at hand. 

Rainfall-runoff studies moved from the use of the 
approximate empirical formulae prior to 1920 to consider 
ation of the transformation of the rainfall by physical 
processes to resultant runoff and streanflow after 1930. 
Surface routing was the first component to receive 
emphasis, with the devel>pment of the unit-graph 
concept. The unit-graph introduced linear response 
theory into hydrology. Evaporation and infiltration 
were considered "losses”, hydrograph separation 
techniques were used to determine surface runoff, and 
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the unit-graph was used to route the surface runoff. 

The modelling of the surface flow routing 
component developed from the unit-graph to the use of 
cjenceptual models, such as the application of the use 
of the linear storage concept of hydrologic flood routing 
to derive the unit -graph. Finally, a unified mathematical 
theory was develop d which related the various seemingly 
desperate approaches, and demonstrated that each was a 
particular ca.se of the general theory. 

The integrated system modelling has been 
developed with the advent of electronic digital computers- 
Objective fitting methods have been applied to parameter 
estimation. Parametric models have been developed with 
two differing approaches. The first is a bulk parameter 
approach, in which the modelling of the response funct- 
ion of the system is attempted. This is typified by 
the use of an instantaneous unit hydrograph (lUH) in 
surface streamflow modelling. The second approach is 
thriugh a distributed parameter model where the 
internal states of the system are often of primary 


concern. 



13 


Stochastic modelling is a relative new con^ er 
to the science of hydrology. The approach in stochastic 
modelling is to give a statistical description of ttie 
measured response of the system. IProm the statistical 
description a statistical model is constructed. 


Representation of linear hydrologic system in 
terms of lUH allows the direct surface runoff (ISRO) 
to he determined for any effective rainfall pattern by 
means of the convolution integral. Problem associated 
with JIUH is that it can not be determined in a closed 
form which is independent of the data used, let u(t) 
be the lUH of the basin. Then the output Q(t) is given 
by tho convolution integral of effective rainfall 
intensity i(t) with u( t ) i . e. , 


Q(t) 


^■1 


u(t -T) i (11) dT 


( 2 . 1 ) 


where t. 


t for t t (the duration of effective 

rainfall) 


t ^ = te for t te 

and t is the time at which ISRO is evaluated. 
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2*2 Sys tem Ident i flc ati oa; 

2*2.1 B1 ack-bo x M e tlio d ; 

In hydrology, methods of system identification 
have been applied to linear (non-linear) stationary 
(non-station ary ) lumped systems and to non-linear 
distributed systems. The traditional method of unit 
hydrograph derivation by the method of synthetic division 
is illustrative of the problem; the derived unit 
hydrograph is unique only with respect to the input- 
output pair used in its derivation, the initial conditions 
existing at the time of occurrence, and the abstraction 
methods employed to derive the pair. During the past 
10 years both transform and correlation methods have 
been applied to the iden ti fic "^tion of the optimum unit 
hydrograph for lumped models of the rainfall-runoff 
process. The traasform me'thods include Laplace ( 3)5 
Courier (14) and 2 (11) transforms, harmonic (1?) 
and Laguerre (5) coefficients ■ . ' ■ 

The correlation methods of identification 
include least sq,uares (8) and time series analysis. 

In time series ;:analysis, the classical Wiener - Hopf 
equations are invoked to derive an optimum linear 
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predictor. Above? the systems were assumed to be 
truely or almost truly linear and stationary. 

All these methods are essentially black box in 
kind where u(t) is found from input and output alone 
without any attention to the components. Details about 
the above methods are given in references (3? 5, 8, 11? 
14, 17) t-. ; 

2.2.2 Gonceptual Modelling: 

One of the draw backs of the above approaches 
is that lUH is to be characterized in terms of a number 
of ordinates. In order to consider the variations 
of IIJH as a function of storm and basin characteristics^ 
it is preferable to represent the lUH in terms of a 
few paraneters. 

In contrast to black-box methods, efforts has 
been exerted to develop conceptual models of the 
rainfall runoff process. These conceptual models 
characterize the IITtl in terms of a few parameters. 
Treating the effective rainfall as inflow and DSHD as 
outflow and the drainage basin as a combination of 
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reservoirs and channels through which the inflow is 
routed j various conceptual models have been developed. 
Parameters of such synthetic modelg are estimated by the 
method of moments and method of least sq.uares applied 
to, actual rainfall-runoff data. Details about these 
models are given in references .(2s 3? 7? 16, 18, 19 and 
21), Chaubey (l) found the difference equation to be 
valid for developing a discrete data model for the 
hydrologi c basin 



OHAPIBE 3 


THE PISCES ED PITA MOPEL 


3 . 1 Q-enerali ■ 

A digital computer is used in hydrologic analysis 
and the data used are also discrete, viz., quantized 
rainfall data and sampled runoff data. Ochoa and 
Sagleson (9) describe and discuss discrete representation 
of the hydrologic basin and their solution through 
i?iener-Hopf equations. Mathematical modelling of a basin 
is extremely useful because ( b ) emphasis is on model 
formulation (and thus basic physics of the phenomenon) 
and not on the solutions, (b; the analyst is able to 
experiment with a variety of formulations, without const- 
raining or freezing the approach too early, (c) one can 
check the model rigorously for consistency, ambiguity, 
closeness, etc., (d) one can attack via computer simul- 
ation experiments (rather than in the laboratory or 
field) complex, vague, or ill-defined problems, thus 
allowing theory to complement intuition, and (e) one has 
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control over the discrete formulation such tha^j 
assumptions' are more directly interpra table in terms 
of the physics of the phenomenon. Discrete models of 
the hydrologic systems constitute significant alternatives 
to classical continuous models particularly because of 
factors, c, d, and e. 

Chow and Kulandaiswamy (2) have proposed a 
general differential ecLuation for the hydrologic basin 
which can be considered as a generalisation of several 
earlier models. A discrete data model (1) based on the 
differential equation has already been presented. It 
is briefly reviewed and refined in the following secj^ion^ 

3-2 System Representat ion; 

3*2.1 System Eeprese n tation I'hrough lUH; 

The convolution integral ( equation 2 . 1 ) can be 
written in discrete form as 

u(m-n) i(n).At (3.1) 

where t is the time at which DSRO is to be evaluated, 

/it is the time interval, m = t/ h t is the discrete 


I_ 

Q(m) = 

n=0 
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time variable, i (n) is the average effective rainfall 
intensity over the time interval (n-i)at to (n 4> i-) ^t, 
t is the duration of effective rainfall, n =. t 

6 Q 

and 


1 = m for TTi M 
= PI for m 5^ M 

Let r(n) = i (n) /i t . Then 

I 

Q(m) = u (m-n) r (n) (3*ta) 

n =0 - 


or 


J Q o 

1 j 


= 


r 

I 


(3.2) 


where Qs is the output vector Q(1), Q(2) . . . f Jrl 
L j L j 

is the input vector r(l), r(2)o . « . . . and |_Ul 
is the system tra. sfer matrix given by 





0 

0 




Ug 

1 

[ 

Ui 

0 

0 

Luj 


5 

^2 

Ui 

0 



i 

- - - 

_ _ _ 



%-1 %-2 ^2 ^lj 
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Let [llj 


! U 1 


0 0 


0 0 


U 

L oj 


1 - 0 


(3.3a) 


1 U i is the standardised form of 1 U i . Then 

L. 0 J L _J 


n i 


LhJ p! 


(3.4) 


) U ) and I I are lovver half Toeplitz matrices. 

> — .-4 L. 0 ^ 

Prom equations 3»2 and 3*4? 


0 . = 


5 1 


Q< (3.5) 


where 1 U 1 ^ and I O' 1 ^ are also lower half 

-J i_ o_l 

Toeplitz matrices. 



3.2.2 Di fferential Representation of the System; 

A general representation of the basin system 
is the differential eq.uation . 

n 

i 1 + ^ b. (Q,r,t) D^ ! Q(t) 

, ^ ^ ^ 

L 3^1 

m 

I 

= j 1 - ^ a. (o,r,t) D^ i r(t) (3.6) 

where and are paraiueters of the system and 

D is the differential operator d/dt. If a^ and b. are 
independent of t, the system is time invariant^ and if 
they are independent of Q and r the system is linear. 
Hence the lumped linear time invariant system can be 
represented by the equation. 
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ffil (3.8a) 

where M(D) and 1T(D) a'^e 'oolynomials of operator 
D. M(D). represents a differential operation on r(t) 
and N(I)) represents an integral operation. 

3*2.3 System Repres en tation Through Difference Ec[uations.° 

For discrete data analysis, a difference equation 
is a more appropriate representation of the system than 
the differential equation. Using the backward differences 
the system considered earlier in equation 3.7 can be 
represented by the equation 

t^ Q(k) + t 2 Q(k-1) + + t^^^ Q(k-n) 

= h^ r(k) + h 2 r (k-1) + - h^_^^ r(k-m) (3-9) 

I 

Here the coefficients t-|/ - - - - t^_^^ are related 

to the coefficients b^, ~ ~ ’ "^^n different- 

ial equation and the coefficients 

h^^-| are related to the coefficients a^, - - - ? 
respectively. Though similar schemes can be developed 
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using central and forward differences, backward 
differences are indicated above as they are useful 
in forecasting. For an initially relaxed system Q(0), 

Q(-1), - - - j Q(-n+l) and r(0), r (-1), , 

r(-ffi + 1) are all zero'. Hence the system can be 
represented by the matrix equation. 


r r ") 

U -i I i 


Hj ^rj 


( 3 . 10 ) 


where T | and | hJ, are lovi/er half Toeplitz matrices 
with 


t ^ 0 0 


0 


t2 t^ 0 0 0 


1^2 ^ ^ 


m=i 


I t 


n+1 n 


0 


'n+1 


0 


0 


0 


^n+1 '‘^n 


tg t^ I 
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and ; H j is similar to | T~| but with only (m+l) 
elementso 

Hence from eq.n. 3*10, 


I.W J 

1! 

1 

r h1 
: } 

J r 1 



f ! 

1 J 


■ 

and r ( 

1 4 

= ) H 1 

L J 

i T i 

/ i 

4 Q ^ 

1 -J 

( 3 . 11 ) 

Comparing 

these with e 

quation 

3.2 and 3,5. 



I U i = j 1 i ^ I H I 

and [ur^= [h | “^ (5.f2) 

Hence in analogy with terms M(D) and H(D) of the 
differential equation, i T | and I H ] may be referred 

L -j 1_ m 

as the system transfer functions of the integral and 
differential components of the direct system respectively. 

"7 — 'I 

Conversely | T | and ] H j will respectively be the 
system transfer functions of the differential and 
integral components of the inverse system. 

let i T i and i H 1 be the standardised forms of 
:• o / ; o ( 

j T f and j H j respectively. Then 
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U 


: T . 
, ■ 0 


I -1 


■ -.-1 r 1-1 

U i = i H \ 

0 ; ;' o I 


i«ol 


i 

o : 


(3,13) 


^ ^ M athematical' M od ellinig; of the Basin (20); 

Consider the basin system represented by eciuation 
3»10 and 3-11» As convolution is a commutative operat- 
ion, the system can be alternatively represented by 
the equivalent equations 


0 


i1 * i 

I j 


= ! ^ f f h 


H « nuBiber of I^EO values. 

where, 



! Q(i) 

1 

0 


! Q(2) 

! 

Q(1) 

[qj = 

I Q(3) 

Q(2) 


(3c J4) 


! Q(lO Q(h-1) Q(1) 


and 



C.\j 


1 

1 

i 

— J 

R( 1) 

R(2) 

0 

R( 1 ) 0 


r| = 

R(M) 

R(M 1 ) 

- R(1) 0 

i 

( 

j 

0 

R(M) 

R(1) 0 


' - - - 

R(M) - 

_ H(1) 


r ^ 

— I ii-|> '^ 2 ’ 1 ^ 

If ..■ r V is known correctly or if the errors 
i, ..^ f ■‘. {' '^\ 

in jr i are pure random, the j ^ hj vectors 

can be estimated directly from the data by standard 

procedure in linear system analysis. Iterative procedure 

to refine the parameters, as more and more data are 

available may also be used. However, only the 

prcscipit ation data are known well in our case and 

hence the following sequential procedure is suggested. 

The values of m, M and n are generally small compared 

to IT. Hence consider the last H-(n-Hiff) rows of 


rurtne r 


J t 4 
! .) 


) T 


] , I 
\ ^ ! 
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equation 3 . 14-0 


r 


Q(M+n+1 ) 

OXM+X}) - - 

0(1) 

I t 
i 

I 


0 

Q(n) 

Q(n-1) - 

Q(1) 

j ^2 

^ "^n+l 

< j 

1 

U- i 
L 0 J 

1 

1 

1 

J 

1 i 

t ) 

?i 

1 

— ' 

1 

Lo . 


(3. 14a) 


Let 

= t+/t 

for 1=2,3? ~ ~ ~ } 

n 

Then 



— ^ T 


Q.(M+n+1 ) 

Q(M+n) - 

- - Q(1) 0 0 1 

i 

1 

Si 

Q(M+n+2) 

Q(M4-n+1 ) 

Q(1) 0—0 , 

gp 


Q(]M) Q(il-1) (Q(1) 




0 


0 

0 

0 


o o 
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*. ; 


g(M+n) Q(l\/I+n-l) Q( 1 ) 0, 0 


i 

S1 




S2 


1 

\ 

i 



i 

! Q(N-1) Q(N 2) - Q(1) i 

1 j 


0 

j 

I I 

i ; 

f -- 


0 _ 

i 


Q(M+n + 1 } 

\ 

Q(M^n+2) 


(3. 14b) 


Q(M+n) Q(M+n-l) 
Q(M+n+l)Q(l.34-n) ■ 


Q(M+1) 

Q(M+2) 


Q(N-1) Q(N-2) 


- Q(l-n) I 


''I 

jy ^ 


Q(M+n+1 ) 
Q(M+r>+2 \ 


Let this he 


(3. 14c) 
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Then the least squares solution for («} is 

= I j^AJ I i ^ 


— ■ ■ 


(3. 15) 


The discrete data re^:resen tation of the basin system 
is a logical extension of Kul andais?/amy ’ s basic differ- 
ential equation lor discrete data analysis. But it does 
not involve the approximate estimation of first and 
higher order derivatives of Q(t) by a numerical procedure. 
The value of t^ is estimated by the continuity equation. 

The estimation of ) hi is more complicated. This 

\ J 

is because the effective rainfall r(t) is not known 
generally and is usually estimated by empirical seper- 
ation procedures from the data of rainfall P(t). The 
following procedure eliminates the necessity for any such 
empirical procedure. 


L"Jfl 


Prom equation 3.10 and 3.14 
1 - 1 R . Uh f = J f ( (saj) 


So J r V 


■i i 

— ‘ 'v J 


1 { , ; 


Q I 

^t ' 



v J 


■ 

H 1 

. -i 

-1 


*-*-r 

-1 

r 


I Q 

L 


(3. 16) 


(3.16a) 
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Knowing and 0 -r 


, t 'f and ) f Y can be 


c alculated . 


Let 


H 


I I 


Then 


, -i L ■ 0 

where I is the identity matrix. 

Consider the last (I'T-M-n) values of 


? rv = f 

J I J 


(3.17) 


5 f" 


3 


- Since 0 Pv is zero for 

\ 1 

the last (K-M) values*; for the last (l-M-n) values 

(3.18) 


< r J 

L 


< f 1 


hi 


The values of ^ r <'j- calculated from equations (3.16 or 
C J 

3. 16a) may differ slightly from zero indicating the 
effects of data error or modelling error. If in this 
range f is nearly zero and the errors are negligible, 

t. J 

the data and modelling errors in the falling limb may be 
ignored. 

If, however, ^3 f 4 differs significantly fromj Oj. 
for the last (N-M-n) values, this indicates errors in 
data and/or model and so other methods like smoothing, 
filtering etc. may have to be adopted. 

Let 7 f be not significantly different f rom j OJ 
for the last (K-M-n) values. Then consider the first 
M values of 3^ f ^ • 


If they are respectively less than the 
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corresTDonding values of / 'Pi 

) i 


and larger than 



01 



(3.19) 


for the first M values, then they are realistic inputs 
and the corresponding abstractions are given by .^P-r'i 

i. -J 

For the example described in' the next section a simple 
translation model (3.17) was found to be sufficient. 

It has been shown in the next section that the discrete 
data model is a convenient method for analysis, para- 
meter estimation and detection of input in the case of 
hydrologic basins. 

^4 The Rai nf all-Sunoff Ph3^sical Pr oc ess ; 


It is assumed that ^0 15^; ^r j 7' j 

The assumption that 1 r is non-negative is in 


agreement with conventional practice. Pet ^ r| =^P| - 


1 


where L is the vector of abstractions. The physical 
process of this phenomenon has been depicted in Pig.1. 


The 

rainfall, 
the m as s 


r "i 

values of 7 rt gives the detected effective 
^ ^ ••• 

The mass curve of ) r " should be below 

^ I 

O' ; 1. , 

curve of v P? and above the mass curve of 


ri 


{"7 
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ChauToe (1) considers only storSfge elements. It is 
possible that the basin has also a constant translation 
effect. In such a case, i.e., a lUH with translation 
time T will result in a detected effective rainfall 
which is nothing but the earlier one but shifted back 
by time T (vide Appendix I). It is referred to as the 
apparent effective rainfall and is indicated along with 
the detected effective rainfall in the figure J. • 

Abstraction takes place during the storm. The 
rate of abstraction is higher during the storm which has 
been indicated by the curve AB. There is water in 
storage in the basin and in the channel after the end of 
the storm and so there is abstraction even though 
there is no precipitation. The rising curve BC indicates 
this feature of the process. It will generally be seen 
that the total effective rainfall during a storm is 
larger than the total direct surface runoff and the 
difference is abstracted after the end of the storm. 

Hence it is possible to have and reasonable to expect 
a negative effective rainfall when the rate of rainfall 
is low and also immediately after the storm. It should 
however be noted that the corresponding abstraction 

rates are realistic for the basin under consideration. 
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Pres-umably the bank storage starts replenishing 
the effective rainfall, i = e. at point 0. It should be 
noted that point G should be beyond peak stage. This 
continues upto a stage I) showing a fall in the curve 
along CD. Once again the net rate of abstraction is 
positive and it continues upto E with an increase in 
abstraction from basin storage. After E once again 
interflow might occur and reduce the rate of abstraction 
which is signified by the fall in the curve along BP, 

After P the losses become negligible and the curve becomes 
parallel to the time axis. Corresponding variations in 
the effective rainfall curves may also be noted. 

It should however be noted that certain phases 
of the rainfall -runoff process described above might 
not be present in some basins as each has its own 
characteristics. 
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VEEIPICATIOIJ OP QUASILBIPAE MOHSI 

4. 1 General s_ 

ChauToey ( 1 ) has verified the model with reference 
to number of individual storm. His study has indicated 
that the model gives q.ui to satisfactory results. In 
this study the applicability of the model to hydrologic 
basins on the basis of a number of storm-flood events 
is investigated. The data for two basins, viz,, North 
Creek Basin, NOB (seven storms) and Beach River Basin, 
BRB (eight storms) were available and were found to be 
satisfactory from consideration of reliability of data, 
etc. They were used in this study, 

4.2 Results ; 

The phases of the study include (1) to estimate 
the effective rainfall and abstractions during the 
storms, (2) to refine th-^ discrete data model by consi- 
dering translation times and the time distribution of 
effective rainfall and (3) to estimate the data errors 
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in runoff o 

Tile model was studied from first order to tentli 
ordor. After tlie analysis of the results obtained from 
them^ it v/as found that the second order model gives 
satisfactory results for all storms of both basins. 

The results for tho second order -model are presented 
in the Tables 1 to 7 for hCB and 8 to 15 for BEB. ■ Tables 
1 to 7 include the given values of time, precipitation 
and direct surface runoff and the calculated values of 
apparent effective rainfall and abstraction from guasi- 
linear and linear models along with the fitted values 
for NOB. Tables 8 to 15 contain all the above 
mentioned values for BEB except for the linear model 
values. The plots of cuiuulative rainfall-runoff charact- 
eristics are presented for all the storms of both the 
basins and the rainf .all-runoff intensity characteristics 
for only NOB have been presented. The factors taken 
into consideration in the plotting of smooth apparent 
effective rainfall and abstraction curves have been 
described in section 3.2.3. The symbols for the 
different rainfall-runoff characteristics are given in 


Big. 2. 
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4-3 Discussion of Results; 


4.3*1 Parameters ; 

The parameters and §2 for the second order 
model with the translation times T for each of the 
storms of both the basins are given in Tables 16 and 17. 

It is seen that the values of g^ and storms 2 

and 4 of 1103 and storm 8 of 333 are significantly 
different from those of other storms of the respective 
basins. It may be necessary to investigate the reasons 
for such discrepency. 

4.3.2 Tran slation Time s i 

It is found that the translation time for different 
storms of the basins varies v/ithin small limits. Moat of 
the storms of NOB have a translation time of one hour 
except for 2 and 4 which has no translation time and 
storm number 1 has a value of l-g- hours. Most of the 
storms of Beech Biver Basin have a translation time of 
four hours except for storm number 5 and 6 with 
3 hours translation time. 
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4.3*3 D at a E rro r in Palliriff Limb of Hydrograph; 

The net abstraction rate after the end of preoip'* 
itation was much smaller than during intensive precipitat- 
ion. Thus for example in storm 1 of basin 1 (Table 1) 
abstraction during the storm is of the order of 1.20 in/hr 
and it becomes 0. 10 in/hr after the storm. This seems 
reasonable. The data errors in q. after important inflow 
and abstraction components receded are of the order of 0,01 
inch or less. Since this is less than the least count 
(0.01 inch) of the rainguage, they may be considered 
negligible in all the storms of both the basins. It is 
realised that the method of least squares for estimating 
g-| and g 2 is to be applied only where the data errors are 
negligible. It is possible to calculate once again the value 
of g.| and g 2 over this region. However, the resulis were 
considered satisfactory and because of lack of time such 
refinements were not incorporated in this study. 

4*3.4 Data Error in Rising limb of the Hydrograps 

from the mass curves of apparent effective rainfall 
and apparent abstractions data errors in the discharge 
data in the rising limb of the hydrograph are observed. 

Dor example in the case of storm 1, basin 1 
(Table 1 Dig. 2) the values of abstraction and effective 
rainfall at 3*5 hours seen to be not in confirmity with 
the trend of the processes around 3*5 hours and smooth 
curve indicated seems to be more reasonable. It 
should be noted that by 4 or 4.5 hours the calculated 
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and fitted mass curves are in agreement. Such an 
error may he due to an over estimation of discharge 
at 3.5 hours. Ylhile the magnitude of the actual 
estimated error can he calculated hy comparing the 
observed discharge with that obtained by the convolut- 
ion of effective rainfall by lUH, such a procedure 
was not attempted in this study. Strom 5 hasin 1 
(Table 5 ; T'ig. 6) also indicates such changes in the 
mass curves of apparent effective rainfall and apparent 
abstractions around 1.5 hours. However this may be 
due to the sudden decrease in precipitation. Similar 
errors are also observed around 2 to 3 hours in storm 
3 of basin 1 and around 5th hour in storm 6 of basin 
1. In the case 'of storms 2 in basin 2 , storms 2 and 7 
have two well defined bursts separated by a few hours 
and the results of detection seem to be erraneous. 

They need further investigation. 

4.3.5 Characteristics of Effective Rainfall an d 

Abstraction 

During the major portion of each storm in hoth 
basins, the mass curve of anparent offectiTO rainfall 
and apparent abstraction ^re continuously rising. 
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Smoo thening- is required in case of storm number 
1 of SfGB due to negative abstraction occuring at 3»5 
hours. In case of BEB, storms 2 and 7 have two well 
defined bursts seperated by a few hours and the mass 
curve for abstraction has a decreasing tendency 
which indicates the effect of bank flow. The intensity 
of effective rainfall is always less than the precipi- 
tation values till nearly the end of the storm. In 
few cases where the intensity of precipitation is very 
small, the effective rainfall values exceed precipitation. 

The bank storage continues to replenish the 
effective rainfall for a few hours after the end of 
the storm. Storm number 4 (Big, 8) of NOB and number 
8 (Big. 23 ) of BSB show a different tendency. The 
mass curve for abstraction for quasiline ar system model 
shows a continuously increasing tendency till the end 
of the storm and thereafter a constant value. But in 
all other storms of the two basins tho mass curve for 
abstraction has a foiling limb for a few hours follow- 
ing the pe.ak until tho end of the flood. The 
linear model (Chapter 5) for NOB on the storm 4 (.Big. 8) 
of NOB on the other hand confirms to the general 
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■behaviour of all storms. 

The mass curve of abstraction again rises 
in case of KGB indicating that the net rate of abst~ 
raction is positive. This continues for a few hours 
after which the ra.te of abstraction once again decreasee 
indicating the possibility of interflow taking placet 
This continues for a few hours and then the losses 
become negligible and the curves becomes a straight 
line. In case of storm numbers of 2 (Fig. 4) and 
4 (Fig. 8) of basin 1 the interflow component is absent. 

In case of BRB the losses becomes negligible only a few 
hours after the end of the storm. Hence interflow does 
not seem to occur in this case. 

4*4 Conclusion % 

Thus detection gives an insight into the basic 
hydrologic process of rainfall-runoff including the 
identification of components like abstraction, bankflow 
and interflow. Linear modelling may hsnce be satisfactory 
for representation of the hydrologic basin and nonlinear 
models, if any, are to be used with detection as a cri- 
terion in the modelling process. 
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1/S SI PI CATION OP IIIIBi-.R MOSEL 

5 • 1 G-eneral; 

Quantitative estimates require modelling. The 
more closely the model approximates the system modelled, 
the more accurate is the prediction obtained by using 
the model. At the same time, accuracy of prediction 
usually is purchased at the price of complicating the 
model which makes a model more difficult to use. In the 
case of a quasiline ar model the parameters are assumed to 
be specified functions of quantified storm characteristics. 
The parameters of a linear model on the other hand 
are constants and so do not require any such empirical 
functional relationships. Keeping this in view the ^ 

North Creek Basin is represented by a linear model. 

A second order model was selected to represent 
the basin on the basts of the . quasiline ar analysis 
(Chapter 4-). The values of the two parameters g^ 
and g2 for each storm is given in Table 16. The 






average values of the two parameters for all 
storms (except 2 and 4, which were inconsistent with 
the rest) were calculated and used as the parameters 
of a second order linear system model for' the 'basin. 

A "better method of finding the most appropriate values 
of and gg would have been to use the method of 
weighted least squares on all storms. But as the 
values of g^ and §2 already been estimated from the 

quasilinear analysis, taking the mean was consider#d to 
be quite satisfactory. 


5 • 2 Discussion of Results s 

The values of anparent effective rainfall and 
abstraction via linear model ofalL the storms of the basin 
are given in Tables 1 to 7. The plots have also been 
indicated in Figures 2 to 15. 

The apparent effective rainfall and abstraction 
were calculated by using the fixed parameters for a 
second order model and the procedure explained earlier 
in section 3.3. It has been found that there is not 
much of difference from the values calculated by the 
quasiline ar model. The trend of the mass curves are. 
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the same excep*t for storms number 2 and 4* In these 
storms the curves now also shows the possibility of 
the occurrence of recharge from bank storage and 
interflow, thus agrees with the general behaviour of 
the storms. The difference in case of different 
storms is only in magnitude and not in the behaviour 
of the basin. 

5 « 3 Conclusion ; 

Hence it is found that the linear model can be 
expected to be a good and satisfactory representation 
of the basin. The order of the model and parameters 
of the system can be estimated by the procedure developed 
in this study. 
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SUI\®IAEY, CONCLUSIONS MU SUGGBS'IIONS , NOR PUTUHB WORK 

^ Sum mary of the Studys 

Chow and Kulandaiswamy have presented a linear 
differential equation for the basin system, A discrete 
linear model corresponding to the above has been analysed 
by Chaube. This study deals with the applicability of 
the above model on consideration of a large number of 
storms for North Creek Basin and Beech River Basin. The 
apparent abstraction during and after the storm have been 
identified. A physical process to explain the variations 
in the effective rainfall and abstraction has been suggested. 

A 

A simple linear system model has been found to be a 
satisfactory representation of the basin. 

6 • 2 C onclusions ; 

The discrete data representation of the basin is 
found to be valid tool in physical modelling of the rainfall- 
runoff process. A second order model with translation 
time is generally found to be satisfactory. A linear 



45 


model wiiii constant parameters is a simple and 
realistic representation of the basin system. It also 
helps in understanding of the component process of 
effective rainfall and abstraction. 

6 • 3 Suggestions For Future ^rks 

(1) Direct surface runoff has been used in this 
study and hence it may involve errors due to wrong base- 
flow separation. In order to eliminate such errors and 
to understand the base flow contributions better it 
seems desirable to use discharge hydrograph rather than 
DSEO hydro graph. 

(2) The model is to be tested for a larger 
number of basins and the abstraction and effective 
rainfall components are to be studied in terms of 
physical process models (Infiltration models and corre- 
lationi^infiltration or recharge as function of storm 
storage and basin characteristics.) 

(3) The effective rainfall during the storm 
is to be related to storm precipitation data from a 
number of guaging station and so a multiple input modelling 
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may Toe necessar^/- to explain variation of precipitation 
and abstractions over the various sub-basins. 

(4) Detection may be used as a tool in realistic 

nonlinear modelling of ttie basin system. 
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TABIB 1 I RAINPAII OHARACBHRISTICS 

BASIN 1 STORM 1 
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•+7 0 f-'l OIO 
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Surface 

Apparent hfiective 
_ _ Rainfall 

App&ent Tbstraotion 


U dlv VJ JL..^ 

Runoff 
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line ar 
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Pitted 

Line ar 
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Linear 
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linear 
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ip 

hour in/hr 

in/hr 


in/hr 
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' -1 

i 

2 

3 

4 

5 

6 

7 

8 

9 

G 

0.0 

: 0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

1.480 

0.0 

0.4271 

0.4271 

0.4105 

1.053 

1.0530 

• 

0 

0 

0 

1-0 

2.880 

0.0079 

0.4096 

0.4096 

0.3990 

2 • 480 

2.4800 

2.4810 

1.5 

0.840 

0.0332 

0. 1013 

0- 1013 

0.1103 

0.739 

0.7390 

0.7300 

2.0 

1.200 

0.0759 

0. 1205 

0. 1205 

0. 1274 

1 . 080 

1.0800 

1.0726 

2.5 

0.780 

0. 1078 

0. 1899 

0. 1899 

0. 1928 

0.590 

0.5900 

0,5872 

3.0 

0.760 

0. 1312 

0.5388 

0.5388 

0.5265 

0,221 

0.2210 

0.2335 

3.5 

0,700 

0. 1516 

O.9OO6 

0.363 

0.8787 

-0.201 

0.3370 

-0.1787 

4.0 

1.040 

0. 1915 

0.0784 

0.350 

0. 1044 

0.962 

0.690 

0.9356 

4.5 

1.740 

0.2664 

0.0509 

0.317 

0.0717 

1. 689 

1.423 

1.6683 

5.0 

' 1 . 400 

0.3070 

0.3424 

0.3424 

0.3439 

1.057 

1.057 

1.0561 

5-5 

0.300 

O.3I88 

. 0.2993 

0.2993 

0.3027 

0.001 

0.001 

0.0000 

6 . 0 

O..3OO 

0.3286 

0.3221 

0.3221 

0.3235 

-0.022 

-0.022 

-0.0235 

6-5 

0.2100 0.3561 

0.3601 

0.3601 

0.3594 

-0. 150 

-0. 150 

-0.1494 

7.0 

0.2100 0.3394 

0.1569 

. 0. 1569 

0.1655 

0.053 

0.053 

0.0445 

7.5 

0.0 

0.3261 

0.0192 

0.0192 

0.0304 

-0.0190 

-0.0190 

-0.0304 

3 , 0 

0.0 

0.3394 

-0.0928 

0. 0330 -0.0821 

0.093 

-0.0330 

-0.0821 

P..5 

0.0 

0.3296 

-0.0150 

0.0500 _o. 1435 

0. 150 

-0.0500 

0. 1435 

. 0 

0.0 

0.3201 

-0.0529 

0.0250 -0.0561 

0.053 

-0.0250 

0. 0561 

' ■ . 5 

0.0 

0.2565 

-O.O63I 

0.0000 -0.0682 

0.062 

0. 0000 

0.0682 

' :..c 

0.0 

0.1973 

0.1624 

0.0 

0.1458 

-0.162 

0.0 

-0. 1458 



Continued Table 1 


1 2 54 5 6 7 89 


10.5 

0.0 

0. 1388 

0. 1809 

0.0 

11.0 

0.0 

0.0840 

0.0662 

0.0 

11.5 

0. 0 

0.5030 

0.0162 

0.0 

12.0 

0.0 

0. 0350 

0.0435 

0.0 

12.5 

0.0 

0.0262 

-0. 0304 

0.0 

13.0 

o 

• 

o 

0.0193 

0.0429 

0*. 0 

13*5 

0.0 

0.0160 

-0.0016 

0.0 

14.0 

o 

* 

o 

0.0106 

-0.0029 

0.0 

14.5 

0.0 

0.0089 

0.0113 

0.0 

15.0 

0.0 

0.0070 

-0.0004 

0.0 

15.5 

o 

O 

0.0050 

-0.0014 

0 

• 

0 

16.0 

0.0 

0.0040 

-0,0176 

0.0 

16. 5 

O 

* 

O 

0.0030 

0.0000 

0.0 

17.0 

0.0 

0.0020 

0.0 

0 

• 

0 


0.1670 

-0. 181 

0.0 

-0. 1670 

0.0611 

-0* 066 

0.0 

-0.0611 

0.0146 

-0.016 

0.0 

*0,0146 

O.O4O8 

-0, 044 

0.0 

-O.O4O8 

-0.0291 

0.030 

0.0 

*0,0291 

0.0402 

-0.043 

0.0 

*0.0402 

-0.0016 

0,001 

0.0 

0.00 ■'6 

-0.0029 

0.003 

0.0 

0.0029 

0.0106 

0.01a 

0.0 

*0.01'.. : 

-0.0004' 

0.000 

0.0 

0.0CO-; 

-0.0014 

0.001 

0,0 

0.0014 

-0.0169 

0.018 

0.0 

0. 01 69 

0.0 

0.000 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 



TABIS 2 ; RAIIMII HIMO]?? CHAEACTSBISTICS 





BASH 1 


STOEM 

2 




Precipi- 

Direct 

Apparent Effective 

Apparent Abs'tractiion 

Time 

tation 

Surface 


Rainfall 






Runoff 

QiTasi- 
line ar 

Pitted 

Linear 

Model 

"Quaei- 

linear 

Pitted 

tiinear 

Model 




Model 



Model 



in ho urn in/hr 

in/hr 


in/hr 



in/hr 


1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.0 

0.0 

0.0 

Same as 

0.0 

0.0 

Same as 

0.0 

0.5 

0.5200 

0.0 

0.0 

Quasi- 
line ar 

0.0 

0.5200 

Quasi- 
line ar 

0.5200 

1.0 

0. 6200 

0.0015 

0.0099 Model 

0.0218 

0.6100 

Model 

0.5982 

1.5 

0.2000 

0. 0027 

0.0073 


0. 0038 

0.1927 


0, 1962 

2.0 

0.0200 

0.0032 

0.0043 


-0.0021 

0.0157 


0.0221 

2.5 

0.0200 

0.0081 

■ 0.0148 


0. 0695 

0.0052 


-0.0496 

5.0 

0.0800 

0.0150 

0. 0466 


0.0593 

0.0344 


0»0207 

3.5 

0.6400 

0.0239 

0.0639 


0.0752 

0.5761 


0.5648 

4.0 

0.0800 

0.0280 

0.0383 


-0.0059 

0.0417 


0.0859 

4.5 

0. 1400 

0.0320 

0.0486 


0.0451 

0.0914 


0.0949 

5.0' 

■ 0.0500 

0.0354 

0.0488 


0.0414 

0.0022 


0.0086 

5.5 

0.0800 

0.0400 

0.0609 


0.0684 

0.0190. 


0.01 16 

6.0 

0.01000 

0.0439 

0.0592 


0.0507 

-0.0492 


-0.0407 

6.5 

0.0100 

0.0473 

0.0608 


0.0544 

-0.05 08 


10.0444 

7.0 

0.0300 

0.0504 

0.0630 


0.0585 

-0.0330 


-0.0285 

7.5 

0.0300 

0.0462 

0.0184 


-0.0416 

0.0116 


0.0716 

8.0 

0.0 

0.0577 

-0.0037 


-0.0349 

0.0037 


0.0349 

8.5 

0.0 

0.0307 

0.0038 


0.0217 

-0.0038 


-0.0217 

9.0 

0.0 

0.0242 

-0.0021 


0.0068 

0.0021 


-0.0068 

9.5 

0.0 

0.0190 

-0,0007 


0.0142 

0.0007 


-0.0142 

10.0 

0.0 

0.0154 

0.0027 


0.0191 

-0.0027 


-0,0191 

■ 10.5 

0.0 

0.0115 

-0,0051 


0.0050 

0.0051 


-0.0050 



Oontinued Table 2 


1 

2 

5 

4 

5 

6 

7 

8 9 

11.0 

0.0 

0.0090 

0.0006 

Same as 

0.0145 

-0,0006 

Same -0,0145 

11.5 

0.0 

0.0064 

-0. 0045 

Quasi- 
line ar 

-0.0056 

0.0045 

Quasi-“-«°56 

12.0 

0.0 

0.0050 

0.0009 

Model 

0.0125 

- 0.0009 

line ar-Oi 0125 

12.5 

0.0 

0.0059 

-0.0002 


0.0051 

0.0002 

Model ^0.0051 

15.0 

0.0 

0.0051 

0.0002 


0.0054 

- 0,0002 

-0,^0034 

15.5 

0.0 

0.0025 

-0.0010 


-0.0005 

0.0010 

0.0005 

14.0 

0.0 

0.0016 

-0.0011 


0.0002 

0.0011 

- 0.0002 

14.5 

0.0 

0.0012 

0.0000 


0.0028 

0.0 

- 0.0028 

15.0 

0. 0 

0-0010 

0.0004 


0.0025 

-0.0004 

- 0.0025 

15.5 

o 

o 

0.0008 

0.0000 


0.0001 

0.0000 

-0.0091 

16.0 

0.0 

0.0006 

0.0002 


0.0000 

-0.0002 

0.0000 

16.5 

o 

• 

o 

0.0004 

0.0004 


-0.0005 

-0. 0004 

0,0003 

17.0 

O 

O 

0.0000 

0.0019 


0.0054 

-0.0019 

- 0.0054 



TABIS 3 ; 


RAIIMIL RTWOFP CHASACTSRISTICS 


BASra 


S TORI'] 


Precipi- 
Time tation 


Direct 

Surface 

Runoff 


Apparent Affective 

Rainfall 

Quasi- " 

linear Pitted ,, 
Model 


Apparent Abstraction 


linear 

Model 


Pitted 


line ar 
Model 


in hours 

in/hr 

in/hr 


in/hr 


in/hr 


1 

2 

5 

4 

5 

6 7 

8 

9 

0 

0.0 

0. 0 

0.0 

0.0 

0.0 0.0 

0.0 

0.0 

0.5 

o 

o 

O 

0.0 

0.0 

0. 0 

0.0 0.7400 

0.7400 

0.7400 

1.0 

0.6500 

0. 0 

0. 1705 

0. 1705 

0.1011 0.4800 

0.4800 

0.5499 

1.5 

2.6200 

0. 0070 

2.3720 

2.3720 

I.4I6O 0.2480 

04.2480 

1.5040 

2.0 

0.7800 

0. 1094 

-0. 1678 

0.2380 

0.0388 0.9478 

0.5420 

0.7412 

2.5 

0.4200 

0. 1754 

0.5828 

0. 1500 

0.4773 -0. 1628 

0.2700 

-0.0573 

3.0 

0. 1200 

0.2420 

-0. 1238 

0. 1100 

0.0858 0.2438 

0.0100 

0.0340 

5.5 

0.0 

0.2773 

-0. 1115 

0.0900 

0.0787 0.1115 

-0.0900 

-0.0787 

4.0 

0.0 

0.2880 

0. 1887 

0.0700 

0.2386 -0.1887 

-0.0700 

-0.2368 

4.5 

0.0 

0.2920 

0.0068 

0.0500 

0.1262 -0,0068 

-0,0500 

-0.1262 

5.0 

0.0 

0.2833 

0.4997 

0.0 

0.4033 -0.4997 

0.0 

-0.4035 

5.5 

0.0 

0.2856 

0. 1997 

0.0 

0.2364 -0. 1997 

0.0 

-0.2364 

6.0 

0.0 

0. 2038 

-0. 1041 

0.0 

0.0517 0.1041 

0.0 

-0.0517 

6 . 5 

0.0 

0.2665 

-0.4328 

0.0 

-0.1644 0.4328 

0.0 

0,^644 

7.0 

0.0 

0.2247 

-0,2332 

0.0 

-0.0854 0.2332 

0.0 

0.0854 

7.5 

0.0 

0. 1743 

-0.5077 

0.0 

-0.2766 0.5077 

0.0 

0.2766 

8.0 

0.0 

0.1082 

0.3093 

0.0 

0.1667 -0.3093 

0.0 

-0. 1667 

8.5 

0.0 

0.0665 

0.2788 

0.0 

0. 1540 -0.2788 

0.0 

-0. 1540 

3 . 0 

0.0 

0.0437 

0.1297 

0.0 

0.0737 -0. T297 

0.0 

-0.0737 

9.5 

0.0 

0.0300 

0. 1166 

0.0 

0.0687 -0.1166 

0.0 

-0.0687 

13,0 

0. 0 

0.0232 

-0.0342 

0.0 

-0.0171 0.0342 

0. 0 

0.0171 



Oontinued Table 3 


1 

2 

3 

4 

5 

6 • 

7 

8 

9 , 

10.5 

0.0 

0.0157 

0. 1026 

0.0 

0.0603 

- 0.1026 

0.0 

o 

o 

» 

o 

I 

11.0 

0.0 

0..0136 

- 0,0232 

0.0 

- 0 . 0101 

0.0232 

0.0 

0.0101 

11.5 

0.0 

0.0105 

0.0139 

0.0 

0.0097 

- 0.0139 

o.c 

- 0.0097 

12.0 

o 

• 

O 

0.0083 

- 0.0243 

0.0 

- 0.0130 

0.0243 

0.0 

0.0130 

12.5 

0.0 

0.0053 

0.0483 

0.0 

0.0280 

- 0.0483 

o 

• 

O 

- 0.0280 

13.0 

O 

• 

O 

0.0048 

0.0018 

0.0 

0. 0026 

- 0.0018 

0.0 

- 0.0026 

13.5 

o 

o 

0.0043 

- 0.0084 

0.0 

- 0.0037 

0.0084 

0.0 

0,0037 

14.0 

0.0 

0.0034 

- 9.0068 

0.0 

- 0.0035 

0.0068 

0.0 

0.0035 

14.5 

0.0 

0.0023 

0.0006 

0.0 

0.0003 

- 0.0006 

0.0 

- 0.0003 

15.0 

0.0 

0.0014 

- 0.0015 

o 

• 

o 

- 0.0011 

0.0015 

0.0 

0,0011 

15.5 

O 

0 

o 

0.0006 

0.0007 

0.0 

- 0.0000 

- 0.0007 

0.0 

0.0000 

16.0 

0.0 

0.0000 

0.0 

o 

• 

o 

0.0 

0.0 

0.0 

0.0 



TABES 4 RAINBALE RMOBB CHARAGTERISTIOS 
BASIE 1 STORIVI 4 



precipi- 

Direct 

Apparent Effective 

Apparent Abstraction 

Time 

tation 

Surface 

Rainfall 






Runoff 

Quasi- 

Bitted 

Line ar 

Quasi- 

Bitted 

Linear 




line cir 


Model 

linear 

Model 




Model 



Model 



in hours in/hr 

in/hr 

in/hr 


in/hr 


in/hr 


1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.0 

0.0 

0.0 


0.0 

0.0 


0,0 

0.5 

0.2600 

0.0 

0.0 

S aine 

0.0 

0.2600 • 

Same 

0.2600 

1.0 

0. 1700 

0.0 

0.0004 

as 

Quasi- 

0.0014 

0. 1696 

as 

Quasi- 

0.1686 

1.5 

0.5700 

0.0 

0.0093 

linear 

0.0307 

0.5607 

linear 

0.5400 

2.0 

0.7000 

0.0001 

0.2005 

Model 

0. 6639 

0,0500 

Model 

0 . 036 * 

2.5 

0. 1800 

0.0023 

0.0099 

- 

-0.3645 

0. 1700 


0.5445 

3.0 

1.0800 

0.0498 

0.0705 


0.0617 

1.0095 


1,0183 

3.5 

0. 1200 

0.0539 

0. 1053 


0.1829 

0.0147 


-0.0629 

4-0 

0.2200 

0.0573 

0. 1212 


0.1504 

0.0888 


0.0700 

4.5 

0.2400 

0.0684 

0.1175 


0.0415 

0. 1225 


0. 1985 

5.0 

0.2200 

0.0818 

0.0823 

- 

-U.OII 3 

0. 1377 


0.2313 

5.5 

0.2000 

0.0883 

0.0593 


0.0245 

0. 1407 


0. 1755 

6.0 

0.3300 

0,0859 

0.0559 


0.07 08 

0.2741 


0.2592 

6.5 

0.7400 

0.0800 

0.0811 


0.1549 

0.6589 


■ 0.5851 

7.0 

0. 5700 

0.0753 

0. 0866 


O.O 8 I 7 

0.4834 


0.4883 

7.5 

0.2600 

0.0776 

0.0567 


-0.0218 

0.2033 


0.2818 

8.0 

0.0900 

0.0795 

0.0180 


-0.0482 

0.0720 


0.1382 

8.5 

0. 0400 

0.0738 

-0.0134 


- 0.0441 

0.0534 


0.0841 

9 . 0 

0. 0400 

0.0614 

-0.0134 


0.0382 

0.0534 


0.0018 

9.5 

0.0400 

0.0455 

0.0009 


0,0620 

0.0390 


-0.0220 

10.0 

0.0 

0.0340 

-0.0012 


0.0013 

0.0012 


- 0.0013 



Oontinued Table 4 


1 

2 

3 

■ 4 

5 

6 

? 

8 9 

10.5 

0.0 

0.0280 

- 0.0030 


0.0097 

0.0030 

- 0.0097 

Same 

11.0 

11.5 

0 . 0 

0.0 

0.0220 

0.0170 

- 0.0015 

0.0008 

Same 

as 

Quasi - 

0.0149 

0.0146 

0.0015 

- 0. 0008 

a * - 0. 0149 

- 0.0146 

linear 

12,0 

0.0 

0.0134 

0.0031 

lirte ar 
Model 

. 0.0132 

- 0.0031 

M«del - 0.0132 

12.5 

0.0 

0.0110 

0.0001 

- 0.0044 

- 0.0001 

0.0044 

13-0 

0.0 

0.0095 

0.0032 


0.0173 

- 0.0032 

- 0 . 0 t 73 

13-5 

0.0 

0.0075 

0.0009 


- 0,0049 

- 0.0009 

0,0049 

14.0 

0.0 

0 . 0068 

0.0025 


0.0112 

- 0,0023 

- 0.0112 

14.5 

0,0 

0.0055 

- 0.0016 


- 0.0116 

0.0046 

0.0116 

15.0 

0.0 

0.0050 

0. 0000 


0.0098 

0.0000 

- 0 . 0098 , 

15.5 

0.0 

0.0035 

0.0012 


0.0045 

- 0.0012 

- 0. 0045 

16.0 

0.0 

0.0029 

0.0011 


0.0013 

- 0.0014 

- 0.0013 

16.5 

0.0 

0.0026 

0.0008 


0.0009 

- 0.0008 

- 0.0009 

17.0 

0.0 

0.0023 

0.0001 


- 0.0008 

- 0.0001 

0.0008 

17.5 

0.0 

0.0020 

0.'0005 


0.0027 

- 0.0005 

- 0.0027 

18.0 

0.0 

0 . 0 u 1 6 

0.0004 


0.0005 

- 0.0004 

- 0.0005 

18.5 

0.0 

0.0014 

0.0002 


0.0003 

- 0.0002 

- 0.0003 

19.0 

0.0 

0.0012 

0.0000 


0.0001 

0.0000 

• 0.0001 

19.5 

0.0 

0.0010 

0.0002 


0.0013 

- 0.0002 

- 0.0013 

20.0 

0.0 

0.0008 

0.0002 


0.0002 

- 0 . 0002 ' 

- 0.0002 

20.5 

0.0 

0.0007 

0,0001 


0.0001 

- 0.0001 

• - 0,0001 

21.0 

0.0 

0, 0006 

- 0.0004 


- 0.0014 

0.0004 

0.0014 

21,5 

0.0 

0.0005 

- 0.0002 


0.0008 

0.0002 

- 0.0008 

22.0 

0.0 

0.0003 

- 0.0007 


- 0.0017 

0.0007 

0,0017 

22.5 

0.0 

0.0002 

• 0,0 


0.0 

0.0 

. 0.0 



T1BI.E 5 5 RAIN MI RUN ORA OHaRAC[I!BRISIICS 
BASIN 1 STORIA 5 


Time 

in hoi 

Rreoipi- 

tation 

Direct 

Surface 

Runoff 

Apparent Effective 
Rainfall 

App arent Abstraction 

Quasi- 
line ar 
Model 

Pitted 

Linear 

Model 

Quasi- 
line ar 
Model 

Pitted 

1) in e ar 
Model 

irs in/lir 

in/hr 


in/hr 



in/hr 


1 

i 

2 

3 

4 

5 

6 

7 

8 

9, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

0.5200 

0.0 

0.0328 

0.0328 

0.0188 

0.2872 

0.2872 

0.3012 

1,0 

0.7600 

0.0013 

0.2960 

0.0672 

0. 1733 

0.4640 

0.6928 

0,5867 

1.5 

0. 1600 

0.0141 

-0. 1938 

0.0352 

-0.0720 

0.3538 

0, 1248 

0.2320 

2.0 

0. 1000 

0.0170 

0.0278 

0.0278 

0.0241 

0.0835 

0.0835 

0.0278 

2.5 

0.1200 

0.0195 

0.0202 

0.0202 

O.O3O6 

0.0922 

0.0922 

0.0900 

3.0 

j. 1800 

0.0220 

0.1145 

0.1145 

0.0273 

0. 1600 

0.1600 

0.1527 

?.5 

0.2400 

0. 0241 

0.2141 

0.2141 

0.0811 

0. 1225 

■ 0.1225 

0. 1589 

4.0 

0.0 

0.0295 

0.2227 

0. 1950 

0. 1489' 

-0.2227 

-0.2141 

-0. 1489 

4:5 

0.0 

0.0415 

-0.0645 

0.0000 

0. 1758 

0.0645 

-0. 1950 

-0.1758 

5.0 

0.0 

0.0591 

-0.0551 

0.0000 

0.0333 

0.0551 

0.0 

-0.0333 

5.5 

0.0 

0.0695 

-0.1071 

0.0 

0.0247 

0. 1071 

0.0 

-0.0247 

6. 0 

0.0 

0.0736 

-0.0779 

0. U 

-0.0194 

0.0779 

0.0 

0.0194 

0.5 

0.0 

0. 0700 

-0.0568 

0.0 

-0. 0240 

0.0568 

0.0 

0.0240 

7.0 

0.0 

0.0610 

0.0581 

0.0 

-0.0296- 

-0.0581 

0.0 

0.0296 

7.5 

0.0 

0.0485 

0. 0667 

0.0 

0.0218- 

-0.0667, 

0.0 

-0.0218 

8.0 

0.0 

0.0380 

0.0290 

0.0 

0.0274 • 

-0.0290 

0.0 

-0.0274 

8.5 

0.0 

0.0300 

0.05 06 

0.0 

0.0088 

-O.O5O6 

0.0 

-0.0088 

9.0 

0.0 

0.2230 

0.0597 

0. 0 

0.0208 

-0.0597 

0.0 

-0.0208 

9.5 

0.0 

0 .0180 

-0.0011 

0.0 

0.0290 

0. 0011 

0.0 

-0.0290 

10.0 

0.0 

0.0153 

0.0126 

0.0 “ 

■0.0010 

-0.0126 

0.0 

0, 0010 

10.5 

0.0 

0.0123 

0.0113 

0.0 

0. 0047 

-0.0112 

0.0 

-0.0047 



Continued Table 5 


1 

2 

3 

4 

5 

6 

7 

8 

9 

11.0 

0.0 

0. 0097 

0.0179 

0.0 

0.0039 

-0.0179 

0.0 

-0. 0039 

11.5 

0.0 

0.0075 

0.0011 

0.0 

0.0078 

-0.0011 

0 

f 

0 

-0.0078 

12.0 

0.0 

0.0060 

-0.0131 

0.0 

-0.0007 

-O.OI3I 

0.0 

0.0007 

12.5 

0.0 

0.0045 

0.0338 

0.0 

-0.0094 

-0.0338 

0.0 

0.0094 

13.0 

0.0 

0.0025 

0.0003 

0.0 

0.0153 

-0.0003 

0.0 

-0.0153 

13,5 

0.0 

0.0020 

0.0074 

0.0 

-0.0002 

-0. 0074 

0.0 

0.0002 

14. 0 

0.0 

0.0015 

-0.0094 

0.0 

0.0036 

0.0094 

0.0 

-0.0036 

14.5 

0.0 

0.0013 

0.0083 

0.0 

-0.0054 

-0. 0083 

0.0 

0.0054 

15.0 

0.0 

0.0007 

-0.0001 

0.0 

0.0038 

0.0001 

0.0 

-0.0038 

15.5 

0.0 

0.0005 

0.0002 

0.0 

-0.0004 

-0.0022 

0.0 

0.0004 

16.0 

0.0 

0.0003 

-0.0013 

0,0 

0.0008 

-0.0013 

0.0 

-0.0008 

16.5 

0.0 

0. 0002 

0.0000 

0.0 

-0.0002 

0.00000 

0.0 

0.0002 

17.0 

0.0 

0.0001 

0.0000 

0.0 

-0.0003 

0.00000 

0.0 

0.0003 



TABIE 6 HAINFALL EUlOFF GHAEAOTSRISTIGS 


BASIN 1 SIOEM 6 


Precipili— Bireot Apparent Effective ipparent'' Abstraction 
ation Surface Rainfall 


jL -LiUtiJ 


Runoff 

Quasi- 
line ar 
Model 

Fitted 

Linear" 

Model 

"IHasi- 

linear 

Model 

Linear 

Fitted 

Model 

in hours 

in/hr 

in/hr 


in/hr 


in/hr 


1 

2 

3 

4 . 

5 

6 

7 

8 

9 

8 

0. 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.0 

0. 1900 

0.0040 

0.0839 

0.0839 

0.1264 

0.1061 

0. 1061 

0.0636 

2.0 

0. 1300 

0.0110 

0.0815 

0.0815 

0. 1102 

0.0485 

0.0485 

0. 0200 

3.0 

0.0 

0.0225 

0.0184 

0.0184 

-0.0134 

-0.0184 

-0.0184 

0.0134 

4.0 

0.0 

0.0280 

0.0031 

0.0031 

-0.0278 

-0.0031 

-0.0031 

0.0278 

5.0 

0.0 

0.0280 

-0.0427 

0.0 

-0.0900 

0.0427 

0.0 

0.0900 

6.0 

0.0 

0.0200 

0.0136 

0.0 

0.0285 

-0.0136 

0.0 

-0. 0285 

7.0 

0.0 

0.01500 

0.0167 

0.0 

0.0297 

-0.0167 

Q, 0 

-0.0297 

8.0 

0.0 

0.01250 

0.0042 

0.0 

0.0044 

-0.0042 

G.O 

-0.0044 

9.0 

0.0 

0.0102 

0.0061 

0.0 

0.0089 

-0.0061 

0.0 

-0.0089 

10.0 

0.0 

0.0085 

0.0034 

0.0 

0.0039 

-0.0034 

0.0 

-0.0039 

11.0' 

0.0 

0.0070 

0.0027 

0.0 

0.0033 

-0.0027 

0.0 

-0.0033 

12. 0 

0.0 

0.0057 

0.0013 

0.0 

0.0014 

-0.0013 

0.0 

-0.0014 

13.0 

0.0 

0. 0045 

0.0013 

0.0 

0.0021 

-0.0013 

0.0 

-0.0021 

14.0 

0.0 

0.0035 

-0.0006 

0.0 

-0.0010 

0.0006 

0.0 

0.0010 

15-0 

0.0 

0.0025 

0.0010 

0.0 

0.0024 

-0,0010 

0.0 

-0.0024 

16.0 

0.0 

0.0018 

-0,0002 

0.0 

0.0001 

0.0002 

0.0 

-0.0001 

17.0 

0.0 

0.0012 

0.0005 

0.0 

0.0014 

-0.0005 

0.0 

-O.OQ14 

18 . 0 

0.0 

0.0008 

-0.0009 

0.0 

-0.0010 

0, 0009 

0.0 

0.0010 

19.0 

0.0 

0.0004 

-0.0013 

0.0 

-0.0014 

0.0013 

0.0 

0.0014 

20 .0 

0.0 

0.0000 

0.0000 

0.0 

,0.0 

0.0 

0.0 

0.0 



TABES 7: 


RAINPAEiL RTJFO?? CHARAOTSRISTICS 





BASIN 1 


storm 

7 



Time 

Precipi- 

taiion 

Direct ' 
Surface 

Apparent Ilffective Apparent 
Rainfall 

Abstraction 



Runo f f 

Quasi- 
line ar 
Model 

Pitted 

Linear 

Model 

Quasi- 
line ar 
Model 

Pitted 

Linear 

Model 

in hours in/h: 

r in/hr 


in/hr 


in/hr 


1 

2 

3 

4 

65 

6 

7 

8 

9 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

1.0400 

0.0194 

0.2561 

0.2561 

0.2961 

0.7839 

0.7839 

0.7439 

1.0 

0.8600 

0.0269 

0.0912 

0.0912 

0.0990 

0.7688 

0.7688 

0.7600 

. ^‘5 

0.0100 

0.0358 

0.1151 

0.1151 

0. 1245 

-0. 1051 

-0. 1051 

-0.1145 

2.0 

0.0 

0.0463 

0. 1267 

0.0876 

0.1335 

-0. 1267 

-0.0876 

-0. 1335 

2.5 

0.0200 

0.0590 

0.0310 

0.0702 

-0.0040 

-0.0110 

-0.0502 

0. 0240 

3. 0 

0.0 

0.0729 

0.0084 

0.0324 

-0.0237 

-0. 0084 

-0.0324 

0.0237 

3.5 

0.0 

0.0772 - 

-0.0670 

0.0359 

-0. 1142 

0.0670 

-0.0339 

0. 1 142 

4.0 

0.0 

0.0732 

0.0110 

0.0 

0.0137 

-0.0110 

0.0 

-0.0137 

4.5 

0.0 

0.0575 

0.0136 

0.0 

-0.0169 

-0.0136 

0.0 

0.0169 

5.0 

0.0 

0.0436 

0.0303 

0.0 

0.0481 

-0.0303 

0.0 

-0.0481 

5.5 

0.0 

0.0298 

0.0239 

0. 0 

0.0353 

-0.0239 

0.0 

-0.0353 

6.0 

0.0 

0.0215 

0.0126 

0.0 

0.0171 

-0.0126 

0.0 

-0.0171 

6.5 

0.0 

0.0167 

0. 0060 

0.0 

0.0074 

-0.0060 

0.0 

-0.0074 

7.0 

0.0 

0.0134 

0.0058 

0.0 

0.0074 

-0.0058 

0.0 

-0.0074 

7.5 

0.0 

0.0107 

0.0083 

0.0 

0.0109 

-0.0083 

0.0 

-0.0109 

5.0 

0.0 

0. 0086 

0.0051 

0.0 

0.0059 

-0.0051 

0.0 

-0.0059 

8.5 

0.0 

0.0073 

0.0011 

0.0 

0.0004 

-0.0011 

0..0 

-0.0004 

9.0 

0.0 

0.0063 

0,0038 

0.0 

0.0046 

-0.0058 

0,0 

-0.0046 

9.5 

0.0 

0.0052 

0.0053 

0.0 

0.0066 

-0.0053 

0.0 

-0.0066 

10.0 

0.0 

0.0044 

-0.0008 

0.0 

-0.0021 

0.0008 

0.0 

0. 0021 

10.5 

0.0 

0.0040 

0.0057 

0.0 

0.0074 

-0.0057 

0.0 

-0.0074 



Continued Table 7 


1 

2 

5 

4 

5 

6 

7 

8 

9 

11.0 

0.0 

0.0055 

- 0.0009 

0,0 

- 0.0021 

0.0009 

0.0 

0.0021 

11.5 

0.0 

0.0031 

0.0016 

0.0 

0.0018 

- 0.0015 

0.0 

- 0.0018 

12.0 

0.0 

0.0026 

0.©026 

0.0 

0.0033 

- 0.0026 

0.0 

- 0. 0033 

12.5 

o 

* 

O 

0.0022 

- 0,0009 

0.0 

- 0.0018 

0.0010 

0.0 

0.0018 

15 . 0 

0.0 

0.0420 

0.0010 

0.0 

0.0013 

- 0.0010 

0.0 

- 0.0013 

15.5 

0 . 0 

0.0016 

0.0000 

0.0 

0.0000 

0.0000 

0.0 

0.0000 

14.0 

0.0 

0.0013 

0.0008 

0.0 

0.0011 

- 0.0010 

0.0 

- O '. 0011 

14.5 

o 

O 

0.0010 

. 0.0021 

0.0 

0.0028 

- 0.0021 

0.0 

- 0.0028 

15.0 

0.0 

0.0008 

- 0.0002 

0.0 

- 0.0006 

0.0000 

0.0 

0.0006 

15.5 

0.0 

0.0008 

0.0013 

0.0 

0.0017 

- 0.0013 

0.0 

- 0.0017 

1 ?, 0 

0.0 

0.0007 

- 0.0005 

0.0 

- 0.0075 

0. 0000 

0.0 

0.0075 

16.5 

0.0 

0.0007 

0.0012 

0.0 

0.0016 

- 0.0012 

o 

• 

o 

- 0.0016 

17.0 

o 

• 

O 

0.0006 

0,0004 

0.0 

- 0.0008 

0.0 

o 

• 

o 

0.0008 

17.5 

0.0 

0.0006 

0.0000 

0.0 

0.0000 

0.0 

0.0 

0.0000 

18.0 

O 

• 

O 

0.0005 

0.0000 

0.0 

0.0000 

0.0 

o 

• 

o 

0.0000 

18.5 

o 

• 

o 

0.0004 

- 0.0001 

0.0 

- 0.0001 

0.0 

0.0 

0.0001 

19.0 

o 

• 

o 

0.0003 

- 0.0013 

0.0 

- 0.0017 

o 

• 

o 

0.0 

0.0017 

19.5 

0.0 

0.0002 

0.0000 

0.0 

0 . 0 

0.0 

0.0 

0.0 

20.0 

0.0 

0.0000 

0.0 

o 

• 

o 

0.0 

0.0 

0.0 

0.0 



TABIS 8 ! RAIKBAIjIi RlMOPB OHAEACT3RISTICS 
BASH - 2 STOM 1 


TiinG ci-pi 

"Direct 

Surface 

Runoff 

Apparent Effective 
Rainfall 

Apparent 

; Ahs traction 

Quasi - 
line ar 

~ Pitted 

■“ Quasi- 
line ar . 

Pitted 

in hours in/hr 

in/hr 

in/hr . 

in/hr . 


3 

4 

5 

6 

7 



/A r\ 

A A 

0.0 

0.0 


0 

r 

3 

4 

5 

6 

7 

8 
9 

10 ■ 
11 
12 
15 
14 . 

15 

16 

17 

18 
19' 
20 
21 
22 
23 
24. 
2'5 
26 

27 

28 
29 
3'> 


0.0 

0.1000 
0.1000 
0.2100 
0.0200 
0. 1300 
0.0500 
0.2000 
0.0200 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0 


0.0 
0.0000 
0, 0002 
0.0008 
0.0012 
0.0015 
0.0020 
0.0026 
0.0038 
0.0043 
0.0044 
0.0047 
0.0052 
0.0059 
0.0066 
0.0075 
0.0082 
0.0087 
0.0094 
0.0095 
0.0095 
0.0090 
0.0087 
0.0077 
0.0072 
0. 0066 
0.0060 
0.0054 
0.0048 
0.0044 
0.0038 
0 


0.0628 
0.0249 
0.0209 
0.0817 
-0.0498 
-0.0376 
0.0205 
0.0436 
0.0375 
0.0135 
0. 0393 
- 0.0002 
0.0089 
0.0291 
-0.0567 
0.0082 
- 0.0506 
0.0281 
-0.8853 
0.0578 
-0.0229 
-0.0057 
0.0076 
-0.0215 
0.0268 
- 0.0260 
0.0063 
-0.0004 
0.0174 
u. uOo6 
u. 0087 


0.0628 
0.0249 
0.0209 
0.0200 
0.0200 
0.0150 
0.0150 
0.0150 
0.0100 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0 » o 


0.0372 
0.0751 
0.1810 
-0.0617 
0, 1798 
0.0876 
0. 1800 
- 0.0236 
-0.0375 
-0.0135 
-0.0393 
0.0000 
-0.0089 
-0.0291 
0.0567 
-0.0082 
0.0506 
- 0.0281 
0.0853 
-0.0578 
0,0229 
0.0057 
-0.0076 
0.0215 
- 0.0268 
0.0260 
-0.0063 
0.0000 
-0.0174 
-0.0006 
—0.0087 


0.0372 
0.0751 
0. 1810 
0.0000 
0.1100 
0.0350 
0.1850 
0.0050 
^ 0.0100 
0.0 . 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
• 0.0 
0.0 
0.0 


Gontd. 



Continued Table 8 


2 3 4 3 6 


32 

0. 0 

0.0029 

33 

0.0 

0.0026 

34 

0.0 

0.0024 

35 

0.0 

0,0022 

36 

0.0 

0. 0020 

37 

0.0 

0.0018 

3 » 

0.0 

0.0017 

39 

0.0 

0. 0015 

40 

0.0 

0.0015 

41 

0.0 

0.0013 

42 

0.0 

0.0U12 

43 

0.0 

O.uOII 

44 

0.0 

0,0010 

45 

0.0 

0 . 0009 

46 

0.0 

0. 0008 

47 

0. 0 

0, 0007 

48 

0.0 

0.0007 

49 

0. 0 

0.0006 


-0.0051 

0.0 

0.0051 

0.0 

-0.0013 

0.0 

0.0013 

0.0 

0.0043 

0.0 

-0. 0043 

0.0 

-0.0031 

0.0 

0.0031 

0.0 

0.0093 

0.0 

-0. 0093 

0.0 

- 0.0092 

0.0 

0 . 00*2 

0.0 

0. 004.5 

O.o 

-0.0045 

0.0 

-0. 0029 

O.o 

0 . 00*9 

0.0 

0.0013 

0.0 

-0.0013 

0.0 

u, 0 ou 4 

0.0 

0.0000 

0.0 

— u. 0 <j 18 

0.0 

0.0018 

0.0 

O.UU 49 

0.0 

- 0. 0041 

0.0 

- 0.0048 

0,0 

0 . 004 t 

. 0.0 

0.0067 

0, 0 

- 0.0061 

0 . J 

0. 0 

0.0 

0 , 0 

0 . J 

0.0 

0.0 

O.o 

0.0 

0. 0 

0.0 

0 . 0 

0,0 

0.0 

0,0 

0.0 

0.0 



TABIE 9 : 


RUSPaLL CHaEACIEEISTICS 


BASIN 2 STOBjI 2 


Time 

Precipi- 

tation 

Direct 
surface 
Euno ff 

Apparent Bffectiye 
Rainfall 

App aren t Ab s tr ac tion 

Quasi- 
line ar 
Model 

Pitted 

Quasiline ar 
Model 

Pitted 

in hours in/hr 

in/hr 


in/hr 

in/hr 


1 

2 

3 

4 

5 

6 

7 

0 

0.0 

0.0 

0. 0 

0.0 

0.0 

0*0 

1 

0.4000 

0, 0006 

0.0510 

0.0200 

0.5490 

0.3800 

2 

0.0900 

0.0016 

-0.0158 

0.0200 

0.1038 

0. 0700 

3 

0.1000 

0.0026 

-0.0009 

0.0100 

0, 1009 

0.0900 

4 

0.0700 

0. 0033 

0.0511 

0.0150 

0.0599 

0.0550 

5 

0,0000 

0. 0058 

0.0093 

0.0100 

-0.0093 

-0.0100 

6 

0.0000 

0. 0037 

0.0055 

0. OOf 0 

-0.0035 

-0.0050 

7 

0.0000 

0054 

0. 1276 

0.0550 

-0.1276 

-0.0350 

8 

0.0000 

0.0058 

0.0972 

Q.0650. 

-0.0972 

-0.0650 

9' 

0.0000 

0.0045 

-0.0148 

0. 110'' 

0.0148 

-0.1100 

10 

0.0- )00 

0. 0048 

0.10^6 

^.1000, 

-0.1006 

-O.iOOO 

11 

0.0000 

0. 0081 

-0.0562 

0.0900, 

0.0562 

-0.0900 

12 

0.5100 

0.0134 

0. 0546 

0.0900- 

0.4554 

0.4200 

13 

0.2000 

0.0173 

0. 1u59 

0. 085 

0.0941 

0 . 1750 

14 

0,2000 

0.0221 

0, 0068 

'0. 0950 

0. 1932 

0.1050 

15 

0.2900 

0.0242 

0.3285 

0.0800 

-0.0385 

0.2100 

16 

0.0100 

0.0260 

0.0412 . 

0. 0600 

-0.0312 

-0.0560 

17 

0.0 

0,0294 

0.0445 

0.0500 

-0.0445 

-0.0300 ^ 

18 

0.0 

0.0318 

-0.0778 

0 «r j 

0.0778 

0 . 0 

19 

j. 0 

0.0406 

-0.0482 

0.0 

-O.0482 

0,0 

20 

0.0 

0.0488 

-0.0543 

0.0 

0.0343 

0.0 

21 

0.0 . 

0.0552 

-0.0091 

0.0 

0.0091 

0.0 

22 

0 . ^ 

0. 0566 

-0.0544 

0 • u 

0. 0544 

0.0 
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1 

2 

3 

4 

5 

6 

7 

23 

0,0 . 

0.0566 

0. 049 1 

0.0 

-0,0491 

0.0 

24 

0.0 

0.0542 

-0.0122 

0.0 

0.0182 ■ 


25 

0.0 

0,0505 

O.O3I6 

0.0 

-0.0316 

0.0 

26 

o 

• 

O 

0.0444 

-O.0123 

0,0 

0.0133 

0.0 

27 

0.0 

0.0395 

0.0324 

0.0 

-0.0324 

0.0 

25 

0.0 

0.0346 

-0.0510 

0. ■) 

0.0510 

0.0 

29 

0. 0 

0.0307 

0.0341 

0. 0 

-0,0341 

0,0 

30 

0.0 

0.0268 

0.0029 

0. u 

— 0 , 0029 

0.0 

31 

0.0 

0.0239 

-O.012U 

0 . u 

0.0120 

0 

0 

32 

0.0 

0 

• 

C 

—0, 0080 

O.u 

0, 0080 


33 

0.0 

0.0170 

0. 0400 

0. 0 

-0. 0400 

0.0 

34 

0, u 

0.0146 

-0.0328 

0 

# 

0 

0.0328 

0.0 

35 

0.0 

0,0121 

-‘.0408 

0.0 

-O.O4O8 

0.0 

36 

0.0 

0.0097 

-0.0201 

0.0 

0.0201 

0.0 

37 

0.0 

0.0085 

0.0203 

0. 0 

-0.0203 

0.0 

38 

0.0 

0.0068 

-0.0152 

0.0 

0.0152 

0.0 

39 

0. 0 

0.0062 

0.0080 

•J.o 

-0.0080 

0 . u 

40 

0.0 

0.0053 

-0.0007 

0.0 

0, 0010 

0.0 

41 

0.0 

0.0049 

0.‘j100 

0.0 

I 

C 

• 

0 

0 

c 

0.0 

42 

0.0 

0.0042 

-o.O'Ogo 

0.0 

0.0090 

0.0 

43 

0.0 

0. 0037 

0.0002 

0.0 

-O.0002 

0.0 

44 

0.0 

0. 0053 

0.0154 

0.0 

-0.0154 

0 

0 

0 

45 

0.0 

0,0030 

-0.0054 

0.0 

0.0054 

0. 0 

46 

0.0 

0.0026 

0.0 

0.0 

0.0 

0,0 

47 

0.0 

0. 0022 

0.0 

0.0 

0.0 

0.0 

48 

o 

• 

o 

0. 0022 

0.0 

0 

0 

0 

0. 0 

0.0 

49 

0.0 

0.0021 

0.0 

o.n 

0.0 

0.0 


TiBIS 10 ; RAINFALL RUNOFF CHARACTERISTICS 
BASIN 2 STORM 3 


Time 

Precipi- 

tation 

Direct 

surface 

Runoff 

Apparent Effective 
Rainfall 

Apparent Abstraction 

Quasiline ar 
Model 

Fitted 

Quasiline ar 
Model 

Fitted 

in 

hours in/hr 

in/hr 

in/hr 


in/hr. 



1 2 

3 

4 

5 

6 

7 

0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

1 

0.2400 

0.0013 

0.2308 

0.2308 

0.0092 

0.0092 

2 

0.2600 

0. 0042 

0.1038 

0.0950 

0.1562 

0.1650 

3 

0.5500 

0.0054 

0.0758 

0.0850 

0.4742 

0.4650 

4 

0.3500 

0.0122 

-0.0310 

0.8000 

0.3810 

0.2700 

5 

0.0700 

0.0142 

0.0356 

0.0700 

0.0344 

0.0000 

6 

0.0300 

0.0161 

0.0371 

0.0700 

-0.0071 

-0,0400 

rj 

■i 

0.0400 

0.0185 

0.2277 

0.0800 

-0. 1877 

-0.0400 

8 

0.0300 

0.0199 

0.0311 

0.0500 

-0.0011 

-0.0200 

9 

0 

< 

0 

0.0214 

0.1803 

0.0 

-0. 1803 

0.0 

10 

0.0 

0.0229 

0.0499 

0.0 

-0.0499 

0.0 

11 

0.0 

0.0268 

-0.1016 

0. 0 

0.1016 

0.0 

12 

0.0 

0.0302 

-0. 1263 

0.0 

0.1263 

0.0 

13 

0 

* 

0 

0.0350 

-0. 0789 

0.0 

0.0789 

0.0 

14 

0 

• 

0 

0.0394 

0.0177 

0.0 

-0,0177 

0.0 

15 

0.0 

0.0413 

0. 1090 

0.0 

-0.1090 '■ 

0.0 

16 

0 

• 

0 

O.O4O8 

0.0463 

0.0 

-0,0463 

0.0 

17 

0.0 

0.0389 

0.0120 

0.0 

-0.0120 

0.0 

18 

0,0 

0. 0369 

0.2952 

0.0 

0.2952 

0.0 

19 

0 

• 

0 

0.0362 

-0.0237 

0.0 

' 0.0237 

0.0 

20 

0.0 

0.0357 

0.0094 

0.0 

-0.0094 

0.0 

21 

0.0 

0.0349 

0.0857 

0.0 

-0.0857 

0.0 

22 

0.0 

0.0301 

-0.0144 

0,0 

0.0144 

0.0 
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1 

2 

3 

4 

5 

6 

7 

23 

0,0 

0.0252 

0.0207 

0.0 

- 0.0207 

0.0 

24 

0.0 

0.0208 

0.0236 

0.0 

- 0.0236 

0.0 

25 

0.0 

0.0179 

0.0790 

0.0 

- 0.0790 

0.0 

26 

0.0 

0.0149 

0.0088 

0.0 

- 0. 0088 

0.0 

27 

0.0 

0.0125 

- 0.0210 

0.0 

0.0210 

0.0 

28 

0.0 

0.0106 

0.0345 

0.0 

- 0,0345 

0.0 

29 

0.0 

0.0098 

0.0028 

0.0 

- 0.0028 

0.0 

30 

0.0 

0.0091 

0.0009 

0.0 

- 0.0009 

0.0 

31 

0.0 

• 0. 0081 

- 0.0059 

0.0 

0.^059 

0.0 

32 

0.0 

0.0076 

0.0072 

0.0 

- 0.0072 

0.0 

33 

0.0 

0.0071 

- 0.0231 

0.0 

0.0231 

0.0 

34 

0.0 

0.0066 

0.0156 

0.0 

- 0.0156 

0.0 

35 

0.0 

0.0060 

0.0046 

0.0 

- 0.0046 

0.0 

36 

0.0 

0.0055 

0.0175 

0.0 

- 0. 175 

0 . 3 

37 

0.0 

0.0047 

0.0006 

0.0 

- 0.0006 

0.0 

38 

0.0 

0.0042 

- 0.0112 

0.0 

0.0112 

0.0 

39 

0.0 

0.0037 

0.0138 

- 0.0 

- 0.0138 

0.0 

40 

0.0 

0.0034 

- 0.0151 

0.0 

0.0151 

0.0 

41 

0.0 

0.0032 

- 0 , 0202 

0.0 

- 0 . 0202 

0.0 

42 

0.0 

0.0028 

- 0.0061 

0.0 

0.0061 

0.0 

43 

0.0 

0.0025 

- 0.0003 

0.0 

0.0003 

0.0 

44 

0.0 

0.0022 

0.0064 

0.0 

- 0.0064 

0.0 

45 

o 

» 

o 

0.0020 

0.0011 

0.0 

- 0.0011 

0.0 

46 

0.0 

0.0019 

0.0 

0.0 

0.0 

0.0 

47 

0.0 

0.0016 

0.0 

0.0 

0.0 

0.0 

48 . 

0.0 

0.0015 

0.0 

0.0 

0,0 

0.0 

49 

0.0 

0.0014 

0.0 

0.0 

0.0 

0.0 



TABIE 11 ; 


EAINMIL mmOI’P CHAMO'IEEISTICS 


BASH. 2 STOM 4 


Time 

’ Precipi- 
tation 

- Direct 
Surface 
Runo f f 

Apparent Effective 
Rainfall 

Apparent Abstraction 

Quasiline ar 
Model 

Fitted 

Quasiline ar 
Model 

Fitted 

in hours in/hr in/hr 

in/hr 

in/hr 


1 

2 

3 

4 

_ 

6 

7 

0 

o 

• 

o 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

1.4000 

0.0000 

0.1359 

0.1359 

1.2641 

1.2641 

2 

0.2700 

0.0050 

0.0824 

0.0824 

0.1876 

0.1876 

5 

0.0 ^ 

0.0104 

0.0746 

0.0746 

-0.0746 

-0.0746 

4 

0.0 

0.0103 

0.0849 

0.0849 

-0.0849 

-0.0849 

5 

0.0 

0.0108 

0. 1206 

0.1206 

-0.1206 

-0.1206 

6 

0.0 

0,0127 

0.07 06 

0.0 

-0.0706 

0.0 

7 

0.0 

0.156 

0.0981 

0.0 

-0.0981 

0.0 

8 

0.0 

0.0195 

-0.0847 

0.0 , 

0.0847 

0.0 

9 

0.0 

0.0248 

- 0.0474 

0.0 

0.0474 

0.0 

10 

0.0 

0.0502 

- 0.0972 

0.0 

0.0972 

0.0 

11 

0.0 

0.0560 

- 0.0311 

0.0 

0.0311 

0.0 

12 

0.0 

0.0581 

0.0205 

0.0 

-0.02C3 

0.0 

13 

0.0 

0.0580 

0.0214 

0.0 

- 0.0214 

0.0 

14 

0.0 

0.0550 

-0.0223 

0.0 

0.0223 

0 

0 

15 

0.0 

0.0511 

-0.0081 

0.0 

0.0081 

0.0 

16 

0.0 

0. 0276 

- 0.0333 

0.0 

0.0333 

0.0 

17 

0.0 

0.0247 

0.0483 

0.0 

-0.0483, 

0.0 

18 

0.0 

0.0213 

0.0129 

0.0 

-0.0129 

0.0 

19 

0.0 

0.0178 

0.0155 

0.0 

- 0.0155 

0.0 ^ 

20 

0.0 

0.0139 

0.0182 

0.0 

-0.0182 

0.0 

1 ■ 

0.0 

0 

0 

- 0.0013 

0.0 

0.0013 

0.0 

22 

0.0 

0.0095 

-0.0023 

0.0 

0.0025 

0.0 

23 

0.0 

0.0080 

0.0147 

0.0 

- 0.0147 

0.0 
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1 

2 

3 

4 

5 

6 

7 

24 

0.0 

0.0071 

0.0098 

0.0 

- 0.0098 

0.0 

25 

0.0 

0.0061 

0.0108 

0.0 

- 0.0108 

0.0 

26 

0.0 

0,0051 

0. 0054 

0.0 

- 0.0054 

0.0 

27 

o 

t 

o 

0.0045 

- 0.0048 

0.0 

0.0048 

0.0 

28 

0.0 

0.0037 

0.0054 

0.0 

-).0054 

0.0 

29 

0.0 

0.0032 

- 0.0093 

0.0 

0.0093 

0.0 

30 

0.0 

0.0028 

0.0149 

0.0 

- 0.0149 

0.0 

31 

0.0 

0.0024 

- 0.0037 ■ 

0.0 

0 . p 037 

0.0 

32 

0.0 

0.0020 

- 0.0005 

0.0 

0.0005 

o 

• 

o 

33 

0.0 

0.0016 

0.0034 

0.0 

- 0.0034 

0.0 

34 

0.0 

0.0014 

0.0003 

0.0 

- 0.0003 

0.0 

35 

0,0 

0.0012 

0.0017 

0.0 

- 0.0017 

0.0 

36 

0.0 

0.0010 

- 0.0017 

0.^0 

0.0017 

0.0 

37 

0.0 

0.0009 

0.0015 

0.0 

- 0.0015 

0.0 

38 

0.0 

0.0008 

- 0.0019 

0.0 

0.0019 

0.0 

39 

0.0 

0.0007 

0.0036 

0.0 

- 0. 0036 

0.0 

40 

0.0 

0.0007 

0.0094 

0.0 

- 0.0094 

0.0 

41 

o 

• 

o 

0,0005 

- 0.0182 

0.0 

0.0182 

0.0 

42 

■ 0.0 

0.0005 

0.0069 

0.0 

- 0.0069 

0.0 

43 

0.0 

0.0004 

0.0026 

0.0 

0.0026 

0.0 

44 

0.0 

0.0006 

0.0019 

0.0 

- 0,0019 

0.0 

45 

o 

o 

0.0003 

- 0.0009 

0.0 

0.0009 

0.0 

46 

0.0 

0.0003 

0 . 0 

0.0 

0.0 

0.0 

47 

0.0 

0,0001 

0.0 

0.0 

0.0 

0.0 

48 

0.0 

0.0 

0.0 

o 

o 

0.0 

0.0 

49 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 



TASIS 12 EAIIPjilL RUNOFi? GHiiRACTERISTICS 
BASIN 2 STORII 5 


Time 

Precipi- 

tation 

Direct 

Surface 

Runoff 

Apparent Effective 
Rainfall 

Apparent 

Abstraction 

Quasiline ar Pitted 

Model 

Quasiline ar Pitted 

Model 

in hours in/h: 

r in/hr 

in/hr 


in/hr 

1 

2 

3 

4 

5 

6 

7 

0 

0.0 

0. 0 

Q.O 

0.0 

0.0 

0.0 

1 

0. 1900 

0.0002 

0. 1111 

0.1111 

0.0789 

0.0789 

2 

0.0400 

0.0005 

0.0016 

0.0050 

0.0384 

0.0350 

3 

0.0200 

0.0038 

0.0214 

0.0150 

o.ooop 

0.0050 

4 

0.0800 

0.0063 

-0.0301 

0.0200 

0.1101 

0.0600 

5 

0.3600 

0.0086 

0.0346 

0.0200 

0.3254 

0.3400 

6 

0.3000 

0.0091 

0,0349' 

0.0300 

0.2651 

0.2700 

7 

0.3500 

0.0102 

0.0814 

0.0400 

0. 2686 

0.3100 

8 

0.1500 

o.ai9 

0.0175 

0.0450 

0. 1325 

0.1050 

9 

0-0000 

0.0153 

0.0734 

0.C734 

-0.0734 

-0.0734 

0 

0.1000 

0.0179 

0.0579 

0.0579 

0.0421 

0.0421 

1 

0,0700 

0.0216 

0.0723 

0.0723 

-0.0023 

0.0023 

2 

0.0 

0.0255 

0.0564. 

0.0564 

-0.0564 

-0.0564 

3 

0.0 

. 0.0299 

-0.0385 

0.0 

0.0385 

0.0 

4 

0.0 

0.0340 

-0.0077 

0.0 

0.0077 

0. 0 

5 

0.0 

0.0348 

-0.0161 

0.0 

0.0161 

0.0 

6 

0.0 

0.0340 

0.0058 

0.0 

-0.0058 

0.0 

7 

0.0 

0.0318 

-0.0046 

0.0 

0.0046 

0.0 

8 

0.0 

0.0294 

0.0024 

0.0 

-0.0024 

0.0 

9 

0.0 

0.0265 

0.0005 

0.0 

-0. 0005 

0.0 

0 

0.0 

0.0236 

-0.0027 

0.0 

0.0027 

0.0 

:1 

0.0 

0.0206 

0.0059 

0.0 

0.0059 

0.0 

in 

_ 0- 

0.0 

0.0177 

-0.0083 

0.0 

0.0083 

0.0 

^3 

0.0 

0.0148 

0.0348 

0.0 

-0.0348 

0.0 


Continued Table 12 



2 : 

3 

4 

5 

6 

7 


0.0 

0.0119 

- 0.0012 

0.0 

0.0012 

0.0 


O 

* 

o 

0.0104 

- 0.0027 

0.0027 

0.0027 

0.0 


0.0 

0.0089 

0.0145 

0.0 

- 0.0145 

0.0 


0.0 

0.0075 

0.0085 

0.0 

- 0.0085 

0.0 


0.0 

0.0066 

0.0016 

0.0 

- 0.0016 

0.0 


0.0 

0.0060 

- 0.0011 

0.0 

0.0011 

0.0 


0.0 

0.0054 

0.0064 

0.0 

- 0.0064 

0.0 


0.0 

0. 0048 

0.0022 

0.0 

- 0.0022 

0.0 

) 

0.0 

0.0044 

0 . 0009 

0.0 

- 0.0009 

0.0 

) 

0,0 

0.0040 

0.0005 

0,0 

- 0.0005 

0.0 


0.0 

0.0036 

0.0001 

0.0 

- 0.0001 

0.0 

j 

0.0 

0.0032 

0.0057 

0.0 

- 0.0057 

0.0 

5 

o 

« 

o 

0.0028 

- 0.0078 

0.0 

0.0070 

0.0 

I 

0.0 

0.0026 

0.0072 

0.0 

- 0.0072 

0.0 

8 

0.0 

0.0021 

- 0 . 0025 

0.0 

0.0 ;25 

0.0 

9 

0.0 

0.0020 

0.0053 

0.0 

- 0.0053 

0.0 

0 

0.0 

0.0017 

- 0.0020 

o 

• 

o 

0.0020 

0.0 

■ 1 

0.0 

0.0015 

- 0.0005 

0.0 

0.0005 

0.0 

■2 

o 

• 

o 

0.0014 

- 0.0017 

0.0 

0,0017 

0.0 

-3 

0.0 

0.0012 

0.0018 

0.0 

- 0.0018 

0.0 

1-4 

0.0 

0.00 9 

0.0015 

0.0 

- 0.0015 

0.0 

1-5 

0.0 

0.0008 

- 0.0051 

■ 0.0 

0.0051 

0.0 

1-6 

0.0 

0.0007 

0.0048 

0.0 

- 0.0048 

0.0 

1-7 

0.0 

0.0004 

- 0. 0044 

0 . 0 

0.0044 

0.0 

48 

0.0 

0.0004 

0 . 0 

0 . 0 

0.0 

0.0 

.19 

o 

• 

o 

0.0002 

0.0 

o 

o 

0.0 

0.0 


0.0 

O 

• 

o 

O 

o 

o 

o 

0 . 0 

0 # 0 



TABLE 13 ; 


RAIUPAIL Rimom OHAEACTERISTIOS 
BAS IF 2 STORM 6 


Time 

irecipi- 

tation 

Direct 

Surface 

Runoff 

Apparent If'fective 
Rainfall 

Ipparent Abstraction 

Quasiline ar Pitted 

Model 

Quasiline ar Pitted 
Model 

in ho urs in/hr 

in/hr 


in/hr ■ 


in/hr 

1 

2 

3 

4 

5 

6 

7 

0 

0* 0 

0. 0 

0 • vj 

o*u 

0,0 

0.0 

1 

0.4500 

0.0002 

0.0829 

0.0829 

0.3671 

0.3671 

2 

0.4000 

0.0028 

0.0342 

0.0342 

0.3658 

0.3658 

3 

0.0500 

0.0048 

-0.0067 

0.0100 

0.0567 

0.0400 

4 

0.0 

0.0061 

-0.0145 

0.0150 

0.0145 

-0.0150 

5 

0.0 

0.0079 

0.0472 

0.0472 

-0.0472 

-0,0472 

6 

0.4000 

0.0090 

0.1015 

0.1015 

0.2985 

0.2985 

7 

0.0900 

0.0090 

0.2750 

0.2750 

-0.1850 

-0.1850 

8 

0.0600 

0.0111 

0.1963 

0.1963 

-0.1363 

-0.1363 

9 

0.2500 

0.0150 

0.2953 

0.1800 

-0.0453 

0.0700 

10 

0.3000 

0.0257 

-0.0404 

0.1350 

0.2600 

0.1650 

11 

0.9000 

0.0394 

0.1473 

0.1050 

0.7527 

0.7950 

12 

0.1000 

0.0578 

0.4794 

0.1200 

-0.3794 

-0.C2O0 

13 

0.0 

0.0700 

0.0233 

0.1350 

-0.0233 

-0.1350 

14 

0.0 

0.0822 

-0.1062 

0.1500 

0.1062 

-0.1500 

15 

0.0 

0. 1036 

-0.2070 

0.0 

0.2070 

0.0 

16 

0.0 

0.1187 

-0.0677 

0.0 

0.0677 

0.0 

17 

0.0 

0,. 1245 

0.0281 

0.0 

-0.0281 

0.0 

18 

0.0 

0. 1197 

-0.4300 

0.0 

0.4300 

0.0 

19 

0.0 

0.1104 

0.3247 

0.0 

-0.3247 

0.0 

20 

0.0 

0. 1006 

0.0370 

0.0 

-0.0370 

0.0 

21 

0.0 

0.0772 

0.0037 

0.0 

-0.0037 

0.0 

22 

0.0 

0.0656 

0.0643 

0.0 

-0.0643 

0.0 

23 

0.0 

0.0553 

0.0063 

0.0 

-0.0063 

0.0 


Continued Table 13 


1_ 

2 

3 

4 

5 

6 

7 

24 

0.0 

0.0456 

0.0194 

0.0 

-0.0194 

0.0 

25 

0.0 

0. 0383 

0.0876 

0.0 

-0.0876 

0.0 

26 

0.0 

0.0315 

-0.0312 

0. 0 

0.0312 

0.0 

27 

O 

o 

0.0256 

0.0434 

0.0 

-0.0434 

0.0 ■ 

28 

0.0 

0.0227 

0.0000 

0.0 

0.0000 

0.0 

29 

O 

• 

o 

0.0188 

0.0245 

0.0 

-0.0245 

0.0 

30 

0.0 

0. 0164 

0.0145 

0.0 

0.0145 

0.0 

31 

O 

o 

0.0159 

0.0124 

0.0 

-0.0124 

0.0 

32 

0.0 

0. 0123 

0.0033 

0.0 

-0.0033 

0.0 

33 

0.0 

0.0110 

0.0024 

0.0 

-0.0024 

0.0 

34 

0.0 

0.0100 

0.0117 

0.0 

-0.0117 

0.0 

35 

0.0 

0.0090 

0.0058 

0.0 

-0.0058 

0.0 

36 

0.0 

0.0080 

-0.0007 

0.0 

0,0007 

0.0 

37 

O 

4 

o 

0.0074 

0.0114 

0.0 

0.0114 

0.0 

38 

0.0 

0.0068 

0.0098 

0.0 

-0.0098 

0.0 

39 

O 

9 

o 

0.0061 

-0.0025 

0.0 

0.0025 

0.0 

40 

0.0 

0.0057 

0.0021 

0.0 

-0.0021 

0.0 

41 

0.0 

0.0055 

0.0123 

0.0 

-0.0123 

0.0 

42 

0.0 

0.0051 

-0.0030 

0.0 

0.0030 

0.0 

43 

0.0 

0.0047 

-0. 02,29 

0.0 

0.0229 

0.0 

44 

0.0 

0.0046 

0.0471 

. 0.0 

-0.0471 

0.0 ■ 

45 

0.0 

0.0043 

0.0 

0.0 

0.0 

0.0 

46 

0.0 

0.0033 

0.0 

0.0 

0.0 

0.0 

47 

0.0 

0.0037 

0.0 

0.0 

0.0 

0.0 



TABEE 145 


rainp..e:l ROTOPP CFIASAOIE bis tics 


BASIN 2 STOM 7 


Time 

" Precipi- 
tation 

Direct 

Surface 

Runoff 

Apparent Effective 
Rainfall 

Apparent Abstraction 

Quasiline ar 
Model 

Pitted 

Quasiline ar 
Model 

i'itted 

In hours in/hr 

in/hr 

in/iir 


in/h'r 


1 

2 

3 

4 

5 

6 

7 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

0.0800 

0.0000 

0.0111 

0.0111 

0.0689 

0.0689 

2 

0.0200 

0. 0001 

0.0018 

0.0018 

0.0182 

0.0182 

3 

0.0 

0.0005 

0.0019 

0.0019 

-0.0019 

-0.0019 

4 

0.0 

0.0005 

0.0044 

0.0044 

-0.0044 

-0.0044 

5 

0.0 

0.0004 

0.0015 

0.0015 

-0.0015 

-0.0015 

6 

0.5200 

0.0005 

0.0105 

0.0103 

0.5197 

0.5197 

7 

0.0500 

0.0006 

0.0046 

0.0046 

0. 0254 

0.0254 

8 

0.0 

0.0007 

0.0078 

0.0078 

-0.0078 

-0.0078 

9 

0.0 

0. 0008 

0.0112 

0.0112 

-0.0112 

-0.0112 

10 

0.0 

0.0011 

0.0080 

0.0080 

-0.0080 

-0.0080 

11 

0.0 

0.0014 

0.2192 

0.0500 

-0.2192 

-0.0500 

12 

0.0 

0.0017 

0.0252 

0 

# 

0 

4^ 

0 

0 

-0.0252 

-0.0400 

13 

0.1600 

0.0020 

-0.0674 

0.0400 

0.2274 

0. 1200' ■ 

14 

0.2000 

0.0024 

0.0229 

0.0400 

0. 1771 

0.1600 

15 

0.0100 

0.0064 

0.0277 

0.0400 

-0.0177 

-0.0300 

16 

0.0200 

0.0096 

0.0413 

0.0300 

-0.0213 

-0.0100 

17. 

0.0500 

0.0109 

0.0389 

0.0250 

-0. 0089 

0.0050 

18 

0.0 

0.0121 

0.0132 

0.0250 

-0.0132 

-0.0250 

19 

0.5000 

0.0153 

0.668 

0.0100 

0.2332 

0.2900 

20 

0.0 

0.0146 

0.0180 

0.0 

-0.0180 

0.0 

21 

0.0 

0.0161 

0.0023 

0.0 

-0.0025 

0.0 

22 

0.0 

0.0172 

-0.0640 

0.0 

0.0540 • 

0.0 



^Continued Table 14 


1 

2 

- 3 

4 

5 

6 

7 

■23 

0.0 

0.0188 

0.0978 

0.0 

- 0.0978 

0.0 

24 

0.0 

0.0201 

- 0.0529 

0.0 

0.0529 

0.0 

25 

o 

O 

0.0208 

0.0096 

0.0 

0.0096 

0.0 

26 

0.0 

0.0201 

- 0.0238 

0.0 

0.0238 

• 0.0 

27 

O 

• 

O 

0.0209 

- 0.0796 

0.0 

0.0796 

0.0 

28 

o 

* 

o 

0.0202 

0.0526 

0.0 

- 0.0526 

0.0 

29 

0.0 

0.0193 

0.0049 

0.0 

- 0.0049 

0.0 

30 

0.0 

0.0178 

- 0.0116 

0.0 

0.0116 

o 

o 

31 

0.0 

0.0151 

- 0.0028 

0.0 

0.0028 

0.0 

32 

0.0 

0.0136 

- 0.0081 

0.0 

0.0081 

0.0 

33 

0.0 

0.0124 

0.0027 

0.0 

- 0.0027 

o 

• 

o 

34 

O 

• 

O 

0.0110 

- 0.0142 

0.0 

0 . 0142 ■ 

o 

• 

o 

35 

0 . 0 

0.0098 

0.0078 

0.0 

- 0.0078 

0.0 

36 

0.0 

0.0085 

- 0. 0009 

0.0 

0,0009 

0.0 

37 

0.0 

0.0074 

0.0052 

0.0 

- 0.0052 

0.0 

38 

0.0 

0.0063 

0.0018 

0.0 

- 0.0018 

0.0 

39 

0.0 

0.0054 

- 0.0032 

0.0 

0.0032 

0.0 

40 

0.0 

0.0046 

- 0.0097 

0.0 

0.0097 

0.0 

41 

0.0 

0.0040 

0.0060 

0.0 

- 0.0060 

o 

• 

o 

42 

0.0 

0.0036 

- 0.0029 

0.0 

0.0029 

o 

• 

O 

43 

0 . 0 

0.0031 

0.0048 

0.0 

- 0.0048 

0.0 

44 

0.0 

0.0025 

0.0041 

0.0 

- 0.0041 

0.0 

45 

0.0 

0.0021 

- 0.0006 

0.0 

0.0006 

0.0 

46 

0.0 

0.0017 

0.0 

u . 0 

0.0 

0.0 

47 

0.0 

0.0015 

0.0 

0.0 

0.0 

0.0 

48 

0.0 

0.0014 

0.0 

0.0 

0.0 

0.0 

49 

0.0 

0.0012 

0.0 

0.0 

0.0 

0.0 



TABIE 15 : RAISTPAII RimOPR OHARAOTBRISTICS 
BASIN 2 STORM 8 


Time "Recipi- "Birect Apparent iTffeVtive Apparent Abstraction 

tation Surface Rainf all 

Runoff ^uasilinear Bitted Quasilinear Pitted 

Mode l Model 

in ho^urs in/hr __ in/lir in/hr in/hr in/hr in/hr 

’*2 ~Y ’""T’ ^ — 


0 0,0 0.0 0.0 


1 

0.0700 

0.0 

■ 0.0444 

2 

0.0600 

0. 0005 

0.0030 

3 

0.0400 

0.0017 

0.0058 

4 

0.0600 

0. 0023 

0.0049 

5 

0. 1500 

0.0028 

0.0035 

6 

0.2000 

0.0030 

0.0117 

7 

0.1000 

0.0033 

0.0132 

8 

0.1100 

0.0035 

0.0080 

9 

0.0100 

0.0036 

0.0112 

10 

0.0100 

0.0040 

0.0090 

11 

0.0300 

0.0045 

0.0034 

12 

0.0100 

0.0050 

0.0022 

13 

0.0100 

0,0055 

-0.0013 

14 

0.0 

0.0059 

0.0 

15 

0.0 

0.0059 

-0.0022 

16 

0.0 

0.0059 

O.OGO9 

17 

0,0 

0.0055 

-0.0008 

18 

0.0 

0.0051 

0.0006 

19 

0.0 

0.0046 

0.0001 

20 

0.0 

0.0043 

0.0009 

21 

0.0 

0.0038 

-0.0003 

22 

0.0 

0.0035 

-0.0001 

23 

0.0 

0.0032 

0.0005 

24 

0.0 

0.0030 

0 

• 

0 


0.0 0.0 0.0 

Same as Quasi- 0.0266 Same as Quasi 
linear Model q 0570 Model 

0.0342 

0.0551 

0. 1465 
0. 1883 
0.0868 
0. 1020 
- 0.0012 
0.0010 
0.0266 
0. 0088 
0. 0113 
0.0 
0.0022 
-0.0009 
0.0008 
-0.0006 
- 0.0001 
-0. 0009 
0.0003 
0.0001 
-0.0005 
0.0 



Continued Table 15 


1 

2 

3 

4 

5 

6 

7 

25 

0.0 

0.0027 

-0.0005 

Same as 

0.0005 

Same as 

26 

0.0 

0.0025 

0.0018 

Quasi- 

linear 

-0.0018 

Quasi- 
line ar 

27 

0 

• 

0 

0.0023 

-O0OOI6 

Method 

0.0016 

Method 

28 

0 

t 

0 

0.0021 

0.0002 


-0.0002 


29 

0.0 

0.0019 

-0.0004 


0.0004 


50 

0.0 

0.0018 

0.0009 


-0.0009 


31 

0.0 

0.0016 

-0. 0025 


0.0025 


32 

0.0 

0.0015 

0.0022 


-0.0022 


33 

0 

• 

0 

0.0013 

-0.0009 


0.0009 


34 

0 

• 

0 

0.0012 

-0.0003 


0.0003 


35 

0.0 

0.0010 

0.0007 


^ -0.0007 


36 

0 

* 

0 

0.0001 

0.0001 


-0.0001 


37 

0.0 

0.0009 

-0.0002 


0.0002 


38 

0.0 

0.0008 

0.0008 


-0.0008 


39 

0.0 

0.0007 

-0.0004 


0.0004 


40 

0.00 

0.0007 

-0.0 


0.0 


41 

0.0 

0.0006 

0.0003 


-0.0003 


42 

0 

• 

0 

0.0006 

-0.0004 


0.0004 


43 

0.0 

0.0005 

0. 0005 


-0.0005 


44 

0 

• 

0 

0.0005 

-0.0001 


0.0001 


45 

0.0 

0,0004 

-0.0002 


0.0002 


46 

0.0 

0.0004 

0.0 


0.0 


47 

0.0 

0.0004 

0.0 


0.0 


48 

0.0 

0.0004 

0.0 


0.0 


49 

0 

♦ 

0 

0.0003 

0.0 


0.0 





TABIE 16 



BASII-1 


STomi viiiui 

VAIIIE 

TMSIilTION 

NO. 0]? 

OB 

TIKE (T) 

Si 

§2 

in hours 

1 -1.642 

0.7085 

1.5 

2^ -1.064 

0.2166 

0.0 

3 -1.714 

0.7557 

1.0 

4* -.5923 

-0. 1676 

0.0 

5 -1.830 

0.8696 

1.0 

6 - 1,409 

0.5254 

1.0 

7 - 1.505 

0.6010 

1.0 

Average Value 

of = - 1.623 


Average Value 

of gg = • 0.6922 


* These storms have not been taken into 

account for finding 

out the average value. 





TABES -17 




BASH - 2 


STOBM 

VillUE 

VilEUE 

■ TEANSLATION 

NO. 

OB 

OF 

TIME (T) 


Si 

S2 

in hours 

1 

-1.845 

0.8532 

4 

2 

-1.845 

0.8627 

4 

3 

-1.845 

0.8586 

4 

4 

-1.793 

0.8158 

4 

5 

- 1.714 

0.7465 

3 

6 

-1.781 

0,8098 

3 

7 

-1.752 

0.7680 

4 

8 

- 1.455 

0.4958 

4 



APPESDIZ - I 



Considering tlie convolution integral 2 . 1 , 
t 

Q(t) = j u(t -T) i (T) dT 
0 
t 

= u (t-'C ) i ("i ) dt 

3 

since i(t) =0 for 0 .:^ t :< IT 
t 

= ^ i^ (T* I') ^ t- T +T)5r ^ 3 ?om identities 

T 

t-T 

= J i^(T') u^(t-T'') d’t"’ where 'T'= T - T 

o 

“t 

J" ji^Cf') (t-T^)dT since u^(t) = 0 

o for O^t^ T 

t^ 

= J i^(T ) '(t -T) dT as T’ is a dummy 

variable. 


o 



APPENDIX II 


COIOTTM PROGRAIfSS 


^IiJPTC MAIN 

INVErSE 

U I MENS ION Q( 50 ) sG ( 50 ) 9 A ( 5U, 50) >d Uo »50 ) sCI 50 »50 ) jUl NV ( 50 ) 5U ( 5C ) 
UINE.NSION X(50) 9TQ(5U91) 90(50,50 J 9 TIN (50»1),TIP( 5091) 9XY( 50) 

U I MENS ION P ( 50 ) 9 SUMP ( 50 ) 9 EiiS (50)9 SUMEds ( 5O ) 9SU’MX ( 50 ) -SUMQ ( ‘"0 ) 
dimension SUMS(5C) 9S(50) 
lOLo ComTImUE 

R E A D 1 0 U 9 N Q , M 
1 ou Format ( 41 5) 

?du read 1 1 9 ( 0 ( I ) 9 I = x ’ NO ) 

1^1 format (5E 16. 8) 

READ 1O29 (p( I ) 9l = i9N,M) 
r^2 format ( 16F5. 2 ) 

NP = 0 

NO-v:=NQ-l 

17 Np=Mp+i 

PRINT 9O9NP 

9U FORMAT!//, 5X9 # Value of np=*,i 5,/) 

M=NM+NP 

H1=M-1 

NN=NG-M 
N = i';N-l 
LIMiT=NN 
DO 1 I = 1 9 MN 
J = I+M 

Tq{ I , 1 }=_Q(J) 

1 A( I 91 ) =G( j-1 ) 

M = M+ 1 
DO 3 J=r9NP 
M = Mi-l 

I F ! M®lT o 1 ) Go To 4 
A(l9j)=o’(M) 

GO To 3 
4 A ( 1 , J ) =0 o 0 
3 continue 
D o 5 J=l9NN 
Do 5 1=1 »NP 
KY=I+1 
1<X = J+1 



5 A(kX>kY)=A( J»I ) 

CALL TrAnS(A»NN»NP»B) 

CALL M^L T ( B > A , NP » MN » NN > iMP » C ) 

CALL MUlKB »TQ»NP»NN»MN »1 ,TIN) 

DO 18 I=1>NP 
18 Tip(I» 1 )=Tin(I» 1 ) 

CALL mat I NV{C,i\p, Tip »!,!:>) 

CALL MUlTIBsCjNPjNPjNPsNPjA) 
call molt ( B » T I iM , NP » NP » MP a » TG ) 

DO 6 I=1»NQM 

IF( KGT»mp)GO To 51 

G{ I > = Tq( I ,1) 

GO To 6 
5X G( I ) =0<.0 

6 continue 
print 85 

85 Format (/ » 5 X»-»valUeg of g(i) arE gimem BELowon 
PRInT 3 U, (g{ I ) »I = 1»NP) 

30 Format ( 5X 98Ei5<.8 ) 

Subroutine uonE, returns the value qf uii) 

CALL UONE(G»0»U,NO) 
print 35»U(1) 

35 FCRMAT(/>* U (])=*» E 2U® 8 ’/ ) 

Ul NV ( 1 ) =l o 0/U ( I ) 

DO 7 I=?»NQ 
J=l -1 

7 UINVd )= 6 ( J)/U( 1 ) 

CALL CONVol(X,UINV,o,NQ) 

S3=0,0 

S1=0,0 

52=0.0 

DO 21 I= 1 »NM 
S3=S3+P<I) 

Sl=Sl+X(I) 

E 2 =S 2 +Q(I) 

SUmp ( I ) =S3 
SUmX ( I ) =S l 
SUMq(I)=S2 
SOMEBSI I )=S3-S1 
27 SUMS ( I ) =Si-S2 
NM1=NM+1 
S3=SUMp{Ny) 

DO 28 I=NM 1 »N 0 

SUiviX ( I ) =SUmX( I-l )+X ( I ) 



SUvo ( I ) =SU^/^ ( I -i ) +q ( I ) 
bUMtoS ( I ) =S?-SU,viX ( I ) 

2 a oUmS { I ) =SU vX ( I ) -SU mq( 1 ) 

Ei3^( ]. )=iiUMEBb( 1 ) 
b(l)=SUvlS(l) 

DO 29 I=1»N0 

5(1) =SUmS { I ) -SUi'/.S ( I — 1 ) 

? G i_5o ( I ) =5Uf’/ltL;b ( 1 ) -SUHCiuS H -] ) 

Call topliZ(cinv 9b5^!0) 

PRINT 1003 

10U3 FORMAT (9X»*Q( I ) * s 1 2X »*S0; IQ ( I ) * , 1 UX » *U I N V ( I 1 1 X ( ] )^'-,l^X,*X( I ) 

1 9 12X 9^^■5U^ylX ( I ) •?*■ ) 

PrInT i03»(I>o(I) jSUMQ ( I ) sb I M V ( I ^ 5 U ( I ) » X ( I ) » SUMX ( I ) ? I = 1 9 NC' 1 

T_ua hoR''''F'T(2X9l'5. J2X9iii3o4s'7X>t3 5o 4 92X9£l5®4 3'7X9£l'5‘‘A’2XsCi3o492X9Ei5o 

1 ) 

PRImT lb04 

i0u4 Format ( 9X ,*? ( i ) > 12X ( i )^t-> 12X j-^-s ( i ) *» 1 2 X »*d£lS(- i , 1 3 x .-“- tos ( 
1 ) -sf 9 sX 9*5 U!viEB5 ( I ) * ) 

PR j-M T 1^3 9 ( I 9 P { i ) 9 Sump ( I ) 9 SUf/S ( I * 9 5 ( I ) » LiiS ( I ) 9 SUMEpS ( I ) 9 1 = 1 9MQ ) 

IF (Ni^oEQoLImIT) go To l^^u 
IF(NPoEQ»iO) GO TO luuo 
IF (NP.lT. limit )GO To 17 
999 STOP 

Go "To lOOC 
EKiO 

:F. IBF'fC M^lT 

5 0 p R 0 0 T I Kj t ► ' 0 L ^ ^ F 9 b 9 N R /\ 9 |\: C A 9 Q U 9 f': C -i 9 C ) 

U I M E M S I 0 N A ( 5 0 9 5 b ) ’ 0 ^ 5 0 5 6 u ) 

Do &0 I=l 9 MRA 
DO 80 K=1 9 NCb 
50^=0 o 0 
Do 7O J=19MCA 
7U 5 Ul'/i=: 5 U[vi + A ( I 9 J ) ■J'rb ( J 9 |< > 

80 C{l9K) = SUM 
60 CCMTINU,. 

RETUriM 

END 

SIBFTC COA'VOL 

Si^bROOT i r'jt CO'-iMgl ^ Y 9H9X>L ) 

D I HENS I ON H(50)9X(50)9Yl50> 

DO 4 I=l9L 
■ SUm=OoO 

DO 3 J=l9l 
KK=I-J+1 



."I 

R E T U R w 
FND 

ribftc topliz 

SULiROOT i fslE TOPL I Z ( U »UI f-'V 5;\;R ) 

iJ I ^,iE\tS I ON U ( 5 O ) sG ( 5 O ) sp ( 50 ) so ImV ( 5 O > 

|V = NN -1 

NF=N -1 

DO lO 1=1 sN 

!<J=I + 1 

10 P( I )=U(i<J)/U(i) 

G ( 1 ) =-0( 2 ) /U( 1 ) 

DO 15 1=1 >MF 

O 0 ! ■ 1 ~ Li o ^ 

DC 20 K= 1 > I 
l<K=I-K + l 
KL=I+1 

2y SURr:SLt,M+P ( K ) KK > 

15 G ( KL ) =- ( P ( <L 1 +OUm) 

UINVCi )=ioO/U{i ) 

DO 3 O I=2>NN 
J=I-1 

3 O UINV ( I ) =G ( J) /U( 1 ) 

RE’i’ORN 

EwD 

sIuftc Done 

SudroOTInE uofME (GsQ sUs w) 

DIMENSION G(50) 9Q(50) 50) s>PHY ( 5 O) 

N 1 =N -1 

N2=N-2 

sum^o 9 u 

DO 1 I = 1 » M 

SUiVii=SU|vii+Q( I ) 

1 PHYlI)=oUMl 
SUiV;2 = 0o0 

DO 2 I=lsNl 
J = N-I 

2 SUM 2 = SU'M 2 +PHY( I )*G( J) 

SUM 4 -=OoO 

DO 4 I=2»Nls2 



SOi 'i 5 = 0 o Q 

UO 5 I=3»N2»2 

5 5UM5 = SUi''i5 + 2 oO-j^-Q ( I ) 

\/0LU)M= lQ( 1 )4-Q( (vD+SUm 4+^Um 5 )/3o0 
U ( 1 ) = (pHY (kh+SUm 2)/V0L'-'m 

return 

sro 

I SMTRY 


AND 
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